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t FOE1EWORD

This H,liliabillty and Maintainability Data-Source Guide hao been designed

and developed for those who specify or use data sources f'or reliability and

mainAtLinabliity predictiurua, ard for those who use outpu~ts of data-feedback

systems for ma:nagoment control, for engineering analysis, aind for evaluations

-= - • of the peformance of Fleet equipment.
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ABSTRACT

•I i•:This Reliability and Maintainabilty Data-Source Guide was prepared by

ARINC Research Cc-rporation for the U.S. Naval Applied Science Yaboratory,

Brooklyn, New York, under Contract .400140-66C-ui5. Under thi•s contract, ARIUC

Research also was assigned the task of updating and augmenting the data sources

"referenced in the Naval System Effectiveness Control Manual (Review Copy)

published Jn 1965.

This data-source guide identifies twenty-three foveanment rellahillity otid
maintainability data sources and over ninety-five zources of techinLcal and

71 scientA fii Information for irelated eng.neer.ng dat-a. The technical coverago.,

mission, status, and the address of contacts associated with each data soure.ý

are summarized in the gulde.

The guide tabulates responses received from 11c contractors in reply to a

questionnaire prepared by ARINC Research. A matrix shows that ninety-four of

the 118 had established reliability and maintainability data collection activities.

Also presented is a review of the collocted data, as to Its utility, optimiim,
currency, and aoplicability to multicontractor use.
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ai. INTRODUCTION
Jý

1.2. Purpose

Thu purpose of the data source guide is to identify and catalog military

and contractor sources of reliability and maintainability data which are applicable

to Naval Systems computations and criteria.

The guide is intended to aid Naval Systems Command personnel who require a

ready reference to available Government and contractor reliability and maintaina-

bility data sources and to provide a directory that represents a consolidated

listing of the numerous sources involved.

In addition, the guide serves to identify and describe data elements that

are collected by a number of the data sources, including the terminology used,

and to combine, or correlate, the numerous elements by their common (icnominatorz

of dc'] it;ton anid applicat.lol.

1.2 Background

Two previous reports issued by the Naval Applied Science Laboratory (NASL)

have indicated the need for the technical information presented in this document.

The first of these was a preliminary listing of data sources contair.11 in

Appendix B-2 of the Naval System Effectiveness Control Manual, published in

July 1965. Since then, a number of new reliability and malntainability data-

collection systems have been placed in operation. These systems, often referred

to as data banks, have recently undergone changes, programs for expansion, and

other forms of growth.

A second NASL report, Reliability and Maintainability Data-Feedback Systems,

published in June 1966, revealed that Navy and other military and contractor

data-reporting systems use a variety o' data-element terminology in their data-

collection operations. Such variations often present problems concerned with

differences in interpretation of the data.

1.3 Scope

1.3.1 Government Data Sources

One hundred and eighteen Government data sources are identified in this

eData-Source Guide. The technical coverage, mission, status, and address of

each source are briefly described. The 118 Government data sources are

11



t','o**,'.i :U: wOf the tlu.,Že ifiitary dcpartments and two Executive Government

agon,!ies, an follows:

"• Navy

"• Air Force

"* Army

"* Atomic Energy Ccmmision (AEC)

"- National Aeronautics and Space Administration (NASA)

1.3.2 Data-Source Categories

The 118 Government data sources are divided into two categories, as

follows:

(i) Those that collect reliability and maintainability data, as a part

of their primary missions (the 23 data sources in this category are

presented in Section 2.)

(2) Those that, as a part of their primary missions, collect technical data

which provide information that is potentially useful for reliability

and maintainability analyses (The 95 data sources in this category

are pre3ented in Section 3.)

1.3.3 Contractor Data Sources

In response to a questionaire (see Appendix A), 94 of the 118 contractors

contacted contributed sufficient information to allow tabulation of the relia-

bility and maintainability characteristics of their individual data-collection

systems. These are presented in Section 4.

The following data source characteristics, supplied by the contractors,

are also tabulated in Section 4:

(I) Data utility

(2) Conservative or optimistic nature of data

(3) Applicability of data for multicontractor systems

(4) Currency of data

Details of the approach used in the data source survey and significant

observations related to the survey responses are presented in Appendix A.

1.3.4 Government and Contractor Published Reliability and

Maintainability Handbookrs

A directory of 15 Government and 18 contractor published reliability and

maintainability documents, including tutorial and tabulated failure data, is

presented in Section 5. The directory includes document numbers, titles,

publication dates, and a brief descripzion of the purpose and context of each

document.

2



I JI
• 1. 3.'. Data Element Aiialysis

D;jtn elements representinv 17 Goverrnent and 5 contractor data-collection
systems are presented in Section 6. The terminology used ia correlated with

Nnavy MDCS-data-element definitions.

a.3.,' Terms and Definitions

Appen•ix B presents a list of terms and corresponding definitions commonly

used Jn reliability and maintainability engireering.

1'
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-2. GUIDE TO GOVERNMENT SOURCES ENGAGrED IN THE DIRECT COLLECTION OF

RiELIABILITY AND MIAINTAINABILITY DATA

This ýection describes the twenty-three Government sources which collect

reliability and maintainability data as a part of their primary missions. The

outline presented tFor each data source includes the addreao cf the represent-

utive to be contacted for detailed. data provided by the department or agency

concerned.



'.I U.S. Navy Data Sources

2.1.1 MDCS (SHIP), Maintenance Data Ccllection "*nyoiem

Tech•ual Coverage: Maintenance and equipment malfunction data, including

operating times an, active repair times.

Mission and Description: The Maintenance DaLa Collectlon Subsystem (MDCS) I
ia the data-collecting and processing section of the Navy Maintenance and

Material Management System (3-M). The other section, the Planned Maintenance

Subsystem (PMS), controls all phases of preventive maintenance prograr,s. MDCS I
(SHIPS) is designed to provide a means of recording maintenance actions in sub-

stantial detail 3o that a variety of data concerning maintenance actions and the

performance of operational equipments can be retrieved. In addition, it provides

data on the discovery of the malfunction, nature of the malfunction, man-hours

expended, equipment involved, repair parts and materials used, delays incurred, 5
reasons for delay, and technical specialty or rating that performed the maintenance.

Status: The Maintenance Data Collection Subsysteem prOvideq a documert oan which

craintenrunce personnel record, at the source, designated information on planned or

corrective maintenance actions. The information is recordea in a coded configura-

tion that pornnits machine processing. Each maintenalnce action is reported in this

manner. Co;les of issue documents prepared by supply personnel regarding these

actions provide material and cost information to the Shipboard Data Collection

Center. To ensure accuracy and completeness of documentation, data-collection

cen'tes or fccal points for the MDC organi7ation have been established aboard each

shi') or activity. Supervisors are responsible for ensuring that oil maintenance

data and supply forms are complete and accurate and that documents are submitted

where required. A listing of the types of errors and the work .:enters responsible

il arepared periodically by the Maintenance Suppor't Office. This listing is sent

to each command to assist in training and in evaluating documentation.

Size and Growth: The system was started in 1965 and will be fully Implemented

during 1967. The number of data elements collected will be increased in the near

future. Additional data are currently being collected on a test basis by wa

approximately 2F ships.

r -3
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4 ,LCDR C. R, Oberg
U. S. Naval Maintenance Support Office
Mechanl,!sburg, Pennsylvania
Telephone: (717) 766-8511, Ext. 31211

Porformlng urganizat!on: Same

2.1.2 MDCS (Aviation), Maintenance Data Collection Subsystem

Technical C'overage: Malntenance, aircraft statlstical, and man-houra data,

including support actions and maintenance actions.

Mission: Similar to IDCS (Ships). See 2.1.1

Status: The system is fully operational; it provides to commanders and

managers factual, documented, and accessible statistical information to answer

such questions as the following:

(1) How are maintenance personnel being used? How much of their time is

devoted to actual main';cnance work'?

(z) Which work centers are underrna.nncd? W][hLch are_ overnmaned?

3) What skills are lacking or are in excess?

(4) What ire the causes of maintenance work stoppages: Lack of supervision?

Lack of people? Lack of skills? Lack of facilities, equipment, tools,

parts?

(5) What are the specific causes of low aircraft readiness? Which systems,

components, or parts are failing excessively?

-() How closely do units approach the ideal of self-sufficiency?

""(Y) How much unnecessary maintenance are personnel perforning?

('Q What is the optimum interrelationship of iiaintenance man-hours, flight

hours, and aircraft readiness in a unit?

Growth: It is, now planned to establish job standards, readiness standards

for various models of aircraft, and maintenance-personnel-utilization standards.

This system will make such standards possible by providing the basic data. 4

Contact: Performing organization:

EJODR C. R. Obero Same
U. S. Naval Maintenance Support Offlce
Mochanicsburg Pennsylvania
Telephone: (71 7 ) 766-8011, Ext. 3124

fs 2.1.3 FARADA, Tri-Service and NASA Failure Rate Data Proerare

Technical Coverage: The Failure Rate Data (FARADA) Program -- sponsored by

the Army, Navy, Air Force, and NASA -- comprises the collection, sunmnarization,

analysis, compilation, and distribution of failure-rate and failure-mode data to

qi "be used in reliability and maintainability prediction.

... ~..



Mission and Description: From the inception of the program in February of
K_ through Sepnember 1966, there has been steady growth in the number of par-

ticlpnts, now totalinu, 190 primne and ma jor subcontractors and 80 Government
a•encies. These participants are erCgaged in the design, development, production,
cuid evaluation of hardware for- the entire spectrum of military and space equip-

ments.

Status: The FARADA InfoTmation Center in located Lt the Fleet Missile
Systems Analysis and Evaluation Group (FMSAEG) at Corona, California. Informa-

tion supplied by FAHADA is compiled Into handbooks (SP-63-470) of five volumes,
which are updated quarterly and classified as follows:

Volume 1A presents tabular failure-rate data for electrical-electronic parts,

with supporting information such as vendor, part number, and the electrical and
environmental stress levels present during observation.

Volume lB presents tabular failure-rate data for mechanical, hydraulic,

pneumatic, pyrotechnic, and miscellaneous pa7rts, with supportinfg information such
as vendor, part number, and the oper-itional and environmental stress levels pres-

ent during observation.

Volume 2 presents fai.ure-rato data in the form of stress curves by which
failure rate Is plotted versus an environmental or electrical stress condition.

Volume 3 provides background information on each source of Lailure-rate or

failure-mode data utilized in the FARADA handbooks, including system description,

system fatatistics, conditions present during surveillance, failure reporting sys-
tem, and maintenance concepts involved.

Volume 4 tabulates fnilure-mode-distribution data for all part types.

Three additional documents are provided to FARADA participants:

(1) The FARADA Standard Operating Procedure (SP-63-467). This document
outlines policies, practices, and procedures employed in the operation

of the program and provides guidelines to participants for data collec-
tion and submittal.

(2) The FARADA "Permanent Issue Handbook" (SP-E63-OI),a permanent issue of

the first 64 sources of failure information in the FARADA handbooks.

(3) The "Statistically Analyzed FARADA Data" (CAI-Nm 6155). This document

provides median failure rates with 90-percent ccnfidence intervals for

common part types in normal applications, as determined by a weighted,

nonparametric multiple-comparison test of the Kolmogorov-Smirnov type .

applied to FARADA data points.

1.



- The naIture of the PARPADA prLOhtl':ua is appro;:chinii tLh:f of C total inte,;grted

SJ,'].cI::LgO by which, for each reliability event, the a I lijre rate, fa Ill;, l :ode,

vFendor, F f .Lt number, anId eonvjronmental 10nd stress leveIl inforaiFiF-ton ia v. 1 FV i ,

jid correlated.

Tabular faýilure-rate -nd failure-mode data are currently s oored, manipul.ted,
'Lnd retrieved by aun I! 7074 Computer that uses an IBM 360 input-output device.
'ADLADA data are staisticaalvy a,/nalyzed by an IEN 7097 computer thLt urrs an

aIc-4Auo data printer and plotter, a high-speed mnci'orl..oar.nt.r r.:.or .

FARADA nrorrrw: noutputsn include component/part failure rates, w]%it supporting

Infor•ation such as vendor, part number, and environmental and operational stress

levels (Volumes 1A :.nd 1B); part-failure-rate stress curves 'Volume -); background

information on sources of failure-rate or failure-mode data (Volume 3); ''ilure-

mode data (Volume 4); and statistically analyzed FARADA. data (Feport CAI-•-(6155).

FARACA part failure-rate and failure-mode information Is derived from all

types of military and space systems, including applications in ground-station:ary,

ground-mobile, shipboard, aircraft, missile, satellite, and other environments.

FARADA data -are intended for use in rellabil1!ty and maiinta-inability prediction
for military and space systems.

Conta-ct: Performinýs organIza' lon:

0fflrer-!n-Charge (Code u-C) Mr. S. I. Pollock
U. S. Naval Fleet Missile Systems U. S. Naval Flke! MNiI Ir.

Analysic and Evaluation Group Systems Analysis and Evaluatlon
Corona, Cal1ifornia 91720 Group
ATTN: FARADA Corona, Ca Ifornla 7,I7(t)
Trlephone: (714) 736-1,.77 Telephone: (714) 73(_-:f'-!,7

2.1.4 IDEP, Interagency Daita Exchange Program

Technical Coverage: Qualification reports, engineering analysis, contractor

high-reliability specifications, materials reports, p ocessing, failure analysis, F

and general. technical reports -- all as related to parts and components,

Mission and Description: The IDEP program is sponsored jointly by the Army,
Navy, Air Force, and NASA. It provides for the voluntary automatic interchange p
of parts and components test data among Government contractors and agencies,

reducing duplicate expenditures for parts testing and improving system reliability.

Three data centers have been established:

NAVY -- U. S. Naval Fleet Missile Systems Analysis and Evaluation Group,
Corona, California

APNY -- Army Missile Command, Redstone Arsenal, Huntsville, Alabama

AIR FORCE -- Air Force Space Systems Division, El Segundo, California

n . Li



TDEP p-irticip:Lnta are prime or miajov subcontractors, and certain Government

aictlvltles In the missile, ASW, aircraft, and space programs, engaged in parts-

teting a:ctivities under Army, Navy, Air Force, and NASA contracts. The approxi-

mately lOG r:articipating contractors and agencies are parts users, not parts

manuu1uficturers or vendors.

Status: The operation of IDEP requires that participants complete and submit

to the IDEP Offices (IDEPO's) a standard summary sheet and a hard copy of each

report pertinent to the program. The IDEPO's review the submitted material and

make only those alterations necessary to conform with standard format. Average

time from contributor to other participants is less than three weeks. The output

of the program consists of a hard copy of each "Summary Sheet", a 16rm roll film

file of all reports, a visual coincidence-type card decý (search capability for

specific inquiries of the file), and report listings (with quarterly supplements)

of all reports 1i the file. The file now contains about 20,000 reports. Approx-

imately 300 reports are added each month.

To participate in IDE?, a contractor mails a summary sheet and two copies

of his report to the data-distribution center of the cognizant service. The

center microfilms the entire report and adds a summary, based on the one accompany-

Ing the report from the contractor, to a microfilm card. The only alterations

nutde tn submitted material are those that may be necessary to cumply with standard

formaLts. The filmcard combination is then mailed to all contractors interested

in the topic.

Every month the data-d1stribution center distributes to all participants a

listing that includes a monthly index of reports distributed in all categories.

The information in the summary sheets is encoded in a standard format that is

readily convertible to a computer input medium. The processing of the data into

historical data files provides up-to-date reliability-perfoim:ance criteria that

are especially useful when the files are subsequently used as the data source for

a reliability prediction and analysis program.

The types of information included in the IDEP files consist of' qualification

reports, engineering analysis, contractor high-reliability specifications, mate-

rials reports, failure analysis, end general technical reporns -- all as related

to parts and components.

The processing of the data into historical data files provides a continuously

exp:anding bank of up-to-date information -as a data source for part and component

selection; application: and reliability prediction and analysis by design, relia-

bility, and parts engineers.

Data processing is accomplished by use of 9n 1fBM 1401 configuration with two

disc drives to create report listings and EAM cards for visual coincidence card

decks. There is nu equipment specialization at present. The outputs include data

on '-il military and space equipments.
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SI Cct~t:ict:

I() U. S. Army: (2) U. AIr Force:

Mr. 9. W. Barnett Mr. W. T. Booklqan
AMSMI-RBP-BuIlding 4C.M4 Headqunr'ers- Space System Division

1ka Roistone Arsenal, Alabam ri F)Q U. S. AIr Force Unit Post Office
Attention: AnyIDEP Ofle Lost Angeler, California 90047:a ,Te-lephone: (20()g 876-n,8! i Attention: TDEP Office (SSSD)

Telephone: (213) 643-1021

"ýZ W (3) U. S. Navy:

Officer-In-Charge (Code E-6)
U. S. Naval Fleet Missile Systems

Analynis aind Evalu6atlon Group
Corona, California 91720
Attention: IDEP Office
Telephono: (7!4) 736-4677
Performing organization:
Mr. S. 1. Pollocl:
"jU. S. Naval Fleet Missile Systems

Analysis and Evaluation Group
Corona, California 91720
Telephone: (714) 736-5267

2.1.5 DTMBI, David Taylor Model Basin*

T•chnical Coverage: Reliability and maintainability data.

NMliýuon anid Description: The DTME computerized data system is still in use,

I. ,hediled to be phased out at far as Fleet data are concerned This

pra,.at F is being repla.aed 1)y it.h new MLCS doscribod in Section C.o.1 for Flee;

data. Tite DTMB system is schodulod to be milntalned for shore-installatilons,3 dala

Status: Form 10550-1, "Electronic Equipment Failure Tieplacement Report",

is used for the input data, together with NAVSHIrS 4855, "The E1quipment Operatlonal

Time Lor,. These forms require information on which part failed, the maUTifestation

of failure, and the repair action. The reports are collated through a comiputer

progrim -- developed at the Applied Mathematics Laboratory of the David Taylor

Mdel Basin -- that results in the following slx reports:

(1) Traffic Report

(o) Reliability and Maintainability Report

(3) Contractor Report

(4) Federal Stock Numbers

(5) Maintenance Time Factor

4p (6) Equipment Operatilng Time Log

These reports were related to 130 of the 600 equipments that were previously

reported on th- 10550-1 form.

N* Now tIhe Naval Ship Resmearh and Development Center. 4I
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System i-e:Lction time is generally one to two weeks; but in an emergency, the I
tliie ,- ii lýc shortened. At this time it is not known what data will be ma.intalned
foej :-,hove lnxrt;ilations after programmed chanfes have been Implemented.

jj eont:rct: PerformIng irganlzat.lon:

Mr. A. L. Bowman David Taylor Model Basin
NAVSEC, Code 6679C Applied Mathematics. baboratory
Department of the Navy Washington, D. C. 20007
Wachington, D. C. 20S36W,
Telephone± (301) OX. 6-548r I
- .1.6 MEARS, Maintenance Engineering Analysis Records Systeri (WE-30)

Technical Coverage: Integrated maintenance data for aeroeautical weapons, 3
weapon systems, and related equipment.

Mission and Description: Under the criteria of a central data source, the 1
MEARIS function does not represent a data bank in conventional terms. The require-
ments document has all the characteristics of a specification, but the scope of
data collected 'and depth of elements covered in the data-collection forms would 1
qualify the system as a data bank when it is used.

Data are collected only when the MEARS reporting requirements are part of the
contract for a given equipment. There is no central data-storage source. The
collected data are maintained by contractors and transmitted to contracting

officers on a prograun-by-program basis as required. I
Status: YElARS forms are prepared by the manufacturer to document an integrated

maintainability and support prograin for weapons, weapons systems, and related equip-
ments being procured under a specific contract. The MEARS forms set forth training
requirements, provide infornation for technical manualu, determine support-ecuipment
requirements, and provide the basis of progress and sta-tus reporting for support
requirements.

Contuct:
Ow

Research, Development, Test, and Evaluation
Naval Ordnance Systems Command
Washington, D. C. 20360

2.1.7 OPTEVFOR, Operational Test and Evaluation Force

Technical Coverage: Performance and maintenance data on preproduction

Mission and Descrilption: OPTEVFOR is primarily concerned with the latter part
of the research and development phase and with the test and evaluation phase in the
life cycle of Naval equipment. OPTEVFOR influences procurement decisions by fur-
nishing CNO with factual Information on the operational performance and material
suitability of new equipment. It aids other operational commands by providing o
quantltative performance and tactical information.
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1 Cat;atun: This system Ic collecting reliability and maintainability data on
limited basis, The equipments to be tested and evaluiated :are selected by fNr,

.ud the number involved are small quantities of preproduction models, thereby

llmiting• the data to small population spreads.-4&

OPTEVFOR has developed an events-counter system to maintain records of events
anjid monitor specific equipments for operational levels automatically. This device

consists of an events recorder that records on paper tape using a standard tele-

ty-pe code and records monitor times and events to 1/100 of a •rinute for a 10,030-

"hour period. Events are recorded into the continuous-tape monitor record by means

of a•n auxiliary 25-switch control box. The technician can automatically record
event times by punching a matrix of switches that indicate when a malfunction/

fallure occurs, action taken, logistic delays, administrative delays, type of

repair or failure, and completion of repair action. Also included with the sys-

tem Is an accumulator that stores up all the information on the tope during a

rod'A-out and prints this on a taipe, giving accumulated read-out values in standard
teletype code. These teletype tapes can then be fed througjh a struid.ard teletype-

writer machine to glve a tabulated reald-out in plain languuge of time and events
recorded zuid the duration of these events.

Contact: Performing organlzation:

"" Staff Elect;ronLc.' Offlcor Sane
OperaLional Test and Evaluat lon Force

* - 11U. S. Naval Operating Nane
Norfo lk, Virginia f31,111
Tolophone: (703) 410-.f.3l19

* 2.1.8 FMSAEC, Fleet Misileo System Analysis aond Evaluation Group

* Toc nical Coverage,.: Rel•ability, maintainability, and availability data for

SI fire control radars 'aid computers, search radars, guided missile launching systems,

weapon direction systems, teat eq•ipment, and missiles.

MNscion and Description: FMSAEO i n nOrdnIance Systems Commiand organization .

that has an integrated program for the collection, processing, anr analysis of

reliability, operability, anld component part-failure datu for surface-missile

systems. While the major portion of the data-collection function will be replaced

! by the MDCS, the FMSAEO processing and analysis will continue. During the tran-

aition period, both FM9AEG and IDCS will be used.

FMSAEG has the following three principal areas of analysiot

(1) Surface-missile flight analysiiL, including firing reports, telemetry

records, and f'light-teat scoring

(2) Surface-missile test equipment and missile checkout experience, includ-

ing failure-rate tabulations of missile modules and checkout equipment.

13.



(3) Analysis and summarization of certain Fleet equipment data to yield

measures of averge uptime in various operation states. This type of
analysis produces a gross measure of readiness.

Status: Information not available from the M1CS, but required by FMSAEG
for its analyses, includes the following:

(1) Periodic, identified readings of all time meters on the "selected"

equipments, as formerly provided in Form 8000/23. These data yield

comparative-usage time comparisons in the various operating
modes and allow the single meter reading, taken at the time of mainte-
nance in the MDCS, to be far more useful.

(2) Daily System Operability Test (DSOT) scoring and results, formerly pro-
vided in NAVWEPS Form 8821/9; results of all daily and weekly planned

maintenance.

(3) Continuity detail, showing the sequence, time of day, and interaction
of maintenance jobs. These data are invaluable during a detailed engi-

neering review of selected portions of the data base.

(4) Operational challenge and administrative pre-emptive information, useful
in analysis of the relationship of ship operations to readiness, or in

obtaining fault-detectability measurements.

(5) Status categorization showing, on a continuous basis, the operational
state of the equipment as adjudged by the ship's crew. ThIs type of
reporting makes possible the Status Indices.

The required information is currently obtained through the use of an addi-
tional reporting form, 8821-5. There is a minimum of data duplication between

this report and the MDCS report.

FMSAEG has access to a sizable computer complex (The Naval Ordnance Laboratory,
Corona Computer Facility) and also utilizes considerable contractor services.
Portions of the incoming data are key-punched for computer input, and the entire
contents of the for.s are entered on a MIRACODE indexed microfilm system.

Contact: Performing organization:

Mr. Roy D. Beck, Head Same
Surface Launched Missile DepartmentU. S. Nlval Fleet Missile Systems

Analysis and Evaluation Group
Corona, California 91720

2.1.9 ARMMS, Automated Reliability and Maintainability Measurement
System

Technical Coverage: Reliability and maintainability characteristics.



1*

NMa:;ion ;md Description: The AbThMS is a data-collection and analysis system

deuluned to permit accurate mea.surement of aircraft char.acteristics. Data inputs

will enn'ulat of standard Navy :aLircraft Maintenance Data Collection System (rcCS)

U:LL:L elements, augmented with data elements designed for further subdivision of A
maintenance support actions and actual corrective-maintenance tasks.

S3tatus: The ARMMS system has not yet been implemented. The programming
vehicle for ARPMv will be an adaptation of the 1410 Fornatted File System (vrS).

•- - The decision to utilize FFS was reached after an investigation into the capabill-
ties :uid complexities of FFS and after an unsuccessful contractual effort to

develop a computer prog-ranm specifically for ARMMS. The initial evaluation of

ABMMS will utilice data collected or to be collected, in accordance with AE1W
procedures, during the Cli-53A, A-7A, and UIH-2C Board of Inspection and Survey (BIS)

Growth; Output products will be maintenan.e-orlented aund will. be based on

scheduled 'ud un•scheduled maintenance events occurring during an accumulated num-
- her of flighit hours/sorties/cycles for a specified calendar period of flight-hour

* accumulation. It is antlcipaLted that the AIMM"', system will be operational late

In 1,)60 and will be aLva•ilable for official application to weapon-system evaluations
early in 1967.

Contact: Performing orgarizatlio:

Commander, Naw. Al., T'•,et Center" Mr. James W, Smith (ARMMS)"SwrvIce Tent Divirion (3T373) Maintenance Engineering Analysleq
U. S. Naval Air StatLon Branch

* Patuxent River, Maryland Luh7( NAS, Patuxent- River, Maryland 20670
Telephone: (301) 863c-311 Telephone: (i01) 863-311, Ext. 7076

.1.10 M1,AT., Uni.vwrsity of Pennosylvania: Module Engineering Analysis
T.1• b rary

Technical CovcriUe: Electrical and physical characteristics of Naval
clectronc -Gassembllos. User-computer mean-time-between-failures and mean-time-to-

repair factors on a contractual, predicted, and actual basis.

Mission and Description: The Module Engineering Analysis Library (MBAL) has
been established to document general, electrical, and physical characteristics of

Naval electronic assemblies. Applications of this data system include management

P of provisioning records, automatic programming of automatic test equipment, end

standardization of assemblies for design and test,

The primarly development center for MEAL is located! at the University of

Pennsylvania, Philadelphia, Pennsylvania, where information-processing services,

data input, and system-development activities are carried out with Navy funding.
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Status: A flexible assortment of fixed- ani free-fom1 OWPLit.S can br i
!eneratted on paper, cards, or magnetic tape. The general-purpaýe search routine

perrits selection OfC classes of assemblies based on any logical combinAtlon of

paLr:uneters stored. The Module Engineering Analysis L I'vrtuy i1 implelmented on ,,.n

IhB 1401 Magnetic Tape System with 12,000 core locations.

Growth: Although currently restricted to electronic assemblies, IMEAL hasr

the capability of storing mechanical, acoustical, and other partameters, as well

:Ls electrical parameters. All datat pertinent to the. maintena,,ce of an assemhbly

-re of Interest to MEAL.

The master file contains information in varying degrees of completeness or1
5,020 assemblies.

During the eight-month period from July 1965 through February 19b6, 4,000

assemblies were added.

A program Is under qay I.o develop a -emecaliynO m'han•Ital languag-e for c

(Tes, r llJn1e, t;.'..;t- procedures . .

Gont:act: Performing organ tam, ton:

Mr. Henry V. Strand, Code 6679A' Mr. A. M, hadley, Project Monidan
Naval Ship Systems Command Institute of Cooperative Research
Department of the Navy University of Pennsylvania
Washington, D. C. 20360 3634 Walnut Avenue
Telephone; (202) Ox. 6-2985 Philadelphia, Pennsylvania 191011

Telephone: (215) 594-7991

2.l.11 NAVSECNORDIV Dau ,nk L:.

Techn.tial Coverage: Reliability, maintenance, and equIpment performance

(In .a.

Mission and Description: The collection of' data at NAVSECNORDIV in limited

.o specific systems or equLpments that have been assigned for evaluation. The

organization currently has cognizance of 419 prime equipments, ranging from vadar j
systems to general communications equipment.

Status: NAVSECNORDIV receives data-element inputs from Naval activities

that have not been included in the IDOS system and currently report under the

system described in BuShips Instruction 105F0.73A. These data are punched on

EAM cards, which are forwarded to the David Taylor Model Basin (DTB) for

processing and storage in the data bank. Data product summaries processed by

DTMB are then analyzed by NAVSECNORDIV personnel in the course of reliability

and maintainability improvement programs for equipments for which they are

osrigned responsibility. Computer programs are being developed for processing

and analyzing MDCS data when available.
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NAVSECNORDIV has no data :computer processing facilities under their d~rect. F
I :, (.c' I Ilat I1) .apabl;f of pro lucng usable outputs -oi, the] r Reliab il y/ I'

Mauln:alnabhl1ly Improvement Programs. Data-processing facilities utilized areS,-inder ,!he opornt-lon and nont-ro] of IDrMB personnel and se-rvices are provided to
j• NAVSECNORDIV an requested. The DTMB computer facilities utilized consist of a t

- LARC comp',ter with its peripheral equipment. Input storage and output capacity

F information on this computer is not available at NAVSECNORDIV.

The NAVSEC (BUSHIPS) Consolidated Failure Analysis Data Bank at DTMB has a

* total of 20 reports available for use by NAVSECNORDIV. The report title9 and

types of outputs available from this data bank are tabulated below. Report 4
"a and those ruports marked as REMAP are the outputs currently being utilized by

NAVSECNORDIV. The other outputs are available upon request.

Title
Report No.

1 Summary of BuShips Electronic Equipment Failure (replacement data)

2 BuShtps Electronic Equipment Reliability-Maintainability Figure of
Merit Summary

2A BuShips Electronic Equipment ReliabJlity-Maintainability Figure of
Merit Summary (Time constraints 'r data base)

3 Snumary of BuShips Electronic Equipment Failure/Replacement Data by
Contractor

3A Summary of TuShips Electronic Equipment Failure/Replacement Data by
Contractor (Time constraints on data base)

4 BuShips Electronic Equipment Failure/Replacement Summary by Federal

Stock Number

5 BuShips Electronic Equipment Maintenance Task Summary

6 Operational Time Log Report

7 BuShips Electronic Equipment List

8 BuShips Electronic Equipment Contractor List

9 Equipment Model - Contractor List

10 (REMAP Report #1) - Primary Failure Analysis Tab (PFAT)

11 (REMAP Report #2) - Standby and Radiate Status Tab (STARS)

12 (REMAP Report #3) - Replacement Rate Tab (PARRT)

13 (REMAP Report #4) - Priority Equipment Action Tab (PEAT), controlled
by EMD

14 (REMAP Report #4A) - Priority Equipment Action Tab (PEAT), controlled
by AiAp

15 (REMAP Report #5) - Frequency of Repair Times Tab (FORTT)

16 (REMAP Report #6) - Cost of Replacement and Replacements not onBoard (COHNOB)

17
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a
17 (REMAP Report #7) - Maintenance Man Hour Costs I

h,-,_O Cureently not. In use

' 21 Code (679C) - Equipment Performance Summary Report

Contact:

L Head, Statistical En•ineering Branch
NAVSECNORDIV, Code 6u43
Norfolk, Virginia 23511I. ~ Telephone: -703) 44-2720

Li Performing organization:

Applied Mathematics Laboratory
David W. Taylor Model Basin
Carderock, Maryland
Mail Address: Washington, D.C. '000"'

2. 1.12 BWAMMIS, A:niiuuurit Maintenance Management Ini'orriat Lou Sy, trmn

Technical Coverage: Shipboard weapons systems maintenance.

Mission and Description: The system was developed to provide a data bank

for the results of management and engineering evaluations of shipboard maintenance

on weapens systems. Twenty-three elements are stored In the file for each mainteo-

ncunce action. The number of questions that can be ansered is twenty-three times

the number of ships in the Navy times the number of armanent equipments.

teStatus: Files are arranged so that 80 perceiit cf routine data requests

are satisfied by sequential selection of data by identifiers. The balance are

s ottsfled by r-adom search.

A UNIVAC so2id-state 80, Mod 2p digital computer is availakble, In adldition

to high-speed prtnc;,v, magnetic tape, end EAM punched cards.

Sise and Rate of Growth: The equivalent of 210,000 EAM cards are stored,

with new cards added at an average rate of 35,000 a month.

Contact: Performing organization:

Mr. P. M. Ferman, Code QE-L Same location
U. S. Naval Weapons Station 7. Paul M. Healy, Code QEL
QEL-BWAMMIS Mr. Eul L Keefe Code QELB
Concord, California Mr. Eugene L. Keefea Code QEB
Telephone! (41k) 686-0C:,m0, Ext. 36 E'xtensions 70 and

2.1.13 GMSR, Guided Missile Variable Information Processing Retrieval

Technical Coverage: Technical data and information on configuration and

OrdAlt Management Program for Surface-Launched Guided Missiles.

Mission and Description: Provides a data storage and retrieval system for

multiple-usage basic information on technical reports, service records, and

specifications for surface-launched guided missiles.
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i O -:u: Tho ry21em wat- evaluated in May l5,r• and wa'. r:o od 1fo h P,.orne V
i operitlonal later in 1966. Data in the system are now beinrr evaluated to modern-

is:e existing records by pun •': all unnecessary data. Programs will be developed
L to produce special reports on L routine basis.

- Size and Rate of Growth: The system now contains 16 reels of magnetic tape.
-. Approximately 35,000 reports will be entered each year.

. Contact: Performing organization:

Mr. R. 1,. Beck Same
U. S. N, FMSAEG
Corona, California
Tc••Lcphone: (714) 736-4647

o.1.14 ADP System for Air Launched Missile Guidance and Control Sections

Technical Coverage: Missile component reliability for Sidewinder and
Sparrow IlI.

Mission and Description: To provide a data and information storage and
retrieval system for the results of G & C components testing of air-launched
guided missiles. To assist in engineering and statistical analyses of test results.

Status: The system was evaluated in June 1966, with equipment refinements
now in progress. It will be fully operational by January 1967. Test reports
include all parameters of each unit. Data to be recorded are accumulated on punched
cards for conversion to magnetic tape files. The computer is interrogated by param-
eter cards that identify required output information.

Si:e aund •ate of Growth: The system now contains 44,000 source documents and

is expected to add 30,000 more annually.

Contact: Performing organization:

Mr. C. A. Candlottl, Code QEWE Same locationQ.E. Laboratory
U. S. Naval Weapons Station Mrs. Joyce Procter
Concord, California Mrs. Frances M. Harz
Telephone: (415) 686-0590, Ext. (1 Extension 52

* 2.1.15 MFS-A. Surface Missile Systems Availability Evaluation

Technical Coverage: Reliability, maintainability, logistics, configuration
* control, Planned Maintenance System implementation, cost and logistic projection,

"availability, and effectiveness in tr.e areas of fire-control radars, search radars,

It • fire-control computers, weapon direction systems, and guided-missile launching
systems.

S•Mission and Description- The system was developed and is niow maintained byii the Fleet Systems Division at the Applied Physics Laboratory of the Johns Hopkins
"University. As part of its Surface Missile Systems effort, APL maintains pilot
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ous in reliability, maintainability, availability, and effectiveness I
:V :alysis. The data inputs are the same as those used by other S214 analysis activ-

ities -- data from the MDCS, supplemented by special reporting Forms 8821-5 and
L ho Commanding Officerj Narrative Report.

The system is designed to supplement the efforts of the Navy in-house nraly- r
Sses a'ctivities (FNSAEG, 0*4IC, anzd NSMSES) through the preparation of special

studies and the development of improved techniques of data-processing analysis.

Status: Currently, the laboratory is developing a comprehensive system for .

the synthesis of all SMS operability-data sources, their initial review and

screening, and their merger into an integrated data ban',. A wide variety of

management products will be derived from this integrated source, providing totally

consistent measures, monitors, problem indicators, projections, summaries, etc.

All programs and products developed at APL and officially approved for future use

will eventually be implemented through the previously mentioned Navy in-house -

facilities.

Most of the initial work in data purification and product development is done

4 r :nnually, with the use of data listings obtained from ONMIC, MS0, and FMSAEG.

Pilot prograCmming and automatic data processing arc accomplished through the APL

computer facility, which includes two IBM 7094 computers and considerable periph-

oral equipment.

Outputs provided include failure rates, mean repair times, measures of logis- a

tic delays, measures of "indetectability downtime", evaluation of the effective-
ness of Ordalts, MIL STD 778 availability measures, measure of maintenance burden, •
equipment duty cycles, system and equipment stress levels, unit and part prcblem- -,

identification indexes, etc.

Contact: Performing organization:

Mr. F. L. W. Moehlo, Supervisor MFS-A Same
Applied Physics Laboratory
The Johns Hopkins University
8621 Georgia Avenue
Silver Spring, Maryland 20910
Telephone: (301) 776-7100, Ext. 71r3 .
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. .S. AIr Force Data Sourcesn

1.2.1 AFD, 66-a Air Force Maintenance Data Collection Systemr

i .lgi.cal Cxtkragu.: Maiiitniiuc data; maintunance analysis and control:-

il 'i,-jc-part su niaries; and maintenance manpower management in the areas of'

asL±2Caft, PAis:iles, e:lectronic communications, ground equipment, and mutnitions.

I1L:;sion and Descri)tgon: The AFm 66-1 Maintenance Data Collection System

: ,,slgnfld for managemrent of the maintenance resources. This system has a dual

. purpose. It is -ised primarily for basc-level mangement within the Chief of
Maintenance complex, m1d for management needs at intermediate and major-command

headquarters. It is also designed to provide data to the Air Force Logistics

Command for materiel management ana logicstic support requirements. Somn of the
btailed AFLC uses for data collected in this system are as follows:

(•, Analysis of the high system failure rate an-d the high conswsrlption

of man-hours by wrapon systems

(2) Identification of items and substantiation for product-improvement

action

(3) fAnalysis of established inspection requirements and the establishunent
of inspection criteria

(4) Analysis and adjustment of the component time-change cycles

(5) Analysis of component and end-Item data to screen out unreliable parts

(6) Analysis: of the not-repairable-this-station (NRTS) lis.!ngs

(7) Computation of spares requirements based on use, in lieu of the stock

balance and consumption report

"(5"() The recording of' configuration status of aerospace vehicles and selei-ted

equipments

In addition, commodfty information is used for supply consumption reporting,

buy programs, and master repair schedules. Accounting and budget data are also

being obtained from this program.

Three important ground rules for AFM 66-1 data collection are as follows:

(1) The importance of accurate data cannot be overemphasized. The submission
of accurate data is a responsbility of each individual within the

maintenance complex and of each work-center supervisor. However, the

overall responsibility for ensuring the accuracy of data resulting

21
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from any maintenance fumction within a unit belongs to the unit Chief

of Maintenance. Data sources for maintenance management infonrationa
cer,7 brcoming increasingly -Available; and as the scopu of availablu 4

data broadens, and elements of data from different sources are combined,
the accuracy of data becomes more tmportast.

(•) Curre'ntly possible combinations of data include operation data (APM
65-120), Maintenance Data Collection information. man-hour reportirr

information, mechanized schedules for maintenance, operations and

training, and others. With the use of computers, data from these
different sources can h-, combined to produce meaningful preducts for

use in management decisions. Analysis of these data by trained analysts •
will identify problem areas in maintenance units. AnalysIs of a problem

area is not completed until the data are thoroughly evaluated and

alternate courses of action are identified.

(3) As methods for combining and mtfnlpulatirý. data improvw, more analysis
capability is made available to provide management with brie b, usable

studies instead of masses of figures that frequently are not usable

in decision-making. Proper use of the analysis function will give.
maintenance managers total surveillance of maintenance data, a source
of information valuable to maintenance management, and an effective

rescarch too:

Analysis includes, but is not limite.d to th.e following:

(1) Preparing studies for organizational changes

(7) Troubleshooting, to in_.lode aanatcmr-nt and logistics procedores and

techuical methods

(3) Evaluating maintenance capability, including manning, skills, training, -

and facilitiecs

(4) Monitoring data trends S

(5) Developing maintenance policy and procedures as directed by the Chief

of Maintenance.

Status! Maintenance Data Collection Forms (AFTO Forms 210, 211, and 212)

arre utilized to record produ(-tLen credit I'or all maintenance tasks requiring
Oe:.pCndlturl of direct labor. Maximu= use is made of this information for

Naintonance and materiel management to obviate additional reporting requiring.

Coding procedures are employed so that this information can be processed through

punch-card accounting machines and computers to produce summary reports and

analysis products. Bccause many different types of equipment are used by the

Air Vorce throughout the world, the recording procrdures cannot be made identical.

* .b
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41 ,•. LIl 1')port n roc lSV"" are prescribed tn tih c-x:• nt; practical . Thi 2 I

,i,,:sairy Lu facLlitaL,' data processing- and analysi••, and to m:in~tiL,' the

, :a}nin; 01' na~tntn' ponne.i wh(en thev are, tri:f.-erred frinn enr. arntivif y

Thi, AFM 60-1 hMamntnan'e Data Coliection Systan is appllcable to hecr:omplete

!li'e cycle, ol' an end item. It. in( Tudes maintenanc,-data recording by contract!ors

on ccntractor-maintaincd equipment and n•erves to prorist- uai'ofry.ity of m.ateri, I-

SiIcLLchny r.porting betweccn industry and Air Force units.

The maintcnance data system is based on the input of data from the mechanic

or specialist. These input data identify the work required, th-e work accomplished,

nc. activity accomplishing the work, end-item identification, why the work was;

requirccd, when the requirement was discovered, operating tIme, and other emential

data.

Provisions have been made in the documents to show the work center at which

tlh. maintenance was aecompiished and the work center that either accomplished or

assisted in accomplishing the maintenance. This permits the labor time to be,

reporte'd as assigned to one work center but expended in anot1her. Tt also

permits reporting of loaned and borrowed direct labor time by job, and the

-elimination of certain exception-time cards from the man-hour accounting syst(em.

Maximum use is m,,iade of the maintenance data to satisfy major command and

AFLC reporting requirements, as well as the requirements for reports and data

Sc:.:.hanges between tihe *:ormeands, or between the Air Force and industry. Reports

required of subordinate minl c are sibmitted as dire-sed by the inreemediuto or

Srajoe command headquarters.

Contasot:

"Director, Data Management Divi sion
Reports Mangement Branch, MCCDQU. S. Air Force Logistics Command

"Wright-Patterson AFE, Ohio 45433

2.1.2 RADC -- Reliability Analysis Central

Technical Coverage: Part failure rates, part characteristic-drift data,

and part failu'e-mode and failure-mechanism data as a function of time and et

I -Part failure distributions and distribution paraieters, part application

information, and environmental limitations. Lists of parts of established
reliability, principal characteristics of parts, including physical attributes

and pertinent electrical and performance properties. Relationships between

reliability properties and part characteristics as established by materials,

process controls, quality controls, function, and cost. Comparison of reliability

obtained under field operation with reliabIllty obtained under laboratory and

qualification tests, and summaries of part test programs planned and un'i , way.

.12
| 23

~~1



r

iI
' T11U, arU 22Z of interest will encompass Z electronic parts, emiconductor

circuits, and electromechanical and mechanical parts. The objectivr,
Sin to ob~taina re-liability information on parts and devices."

Mission and Dsedsrlion: The development and establishment of' a Reliability

. Analysis Central at Rome Air Development Center is now under way. The, Central

t.-i11 serve as the Air Force focal point for the acquisition, storage, reduction, I
analysis, and dissemination of reliability data. The operation will be limited

j to part types and devices expected to be used in the future design of Air Force

equipment and will include parts already in the inventory and new types that are

candidates for the inventory. I
A Central Management Office of RADC personnel has been established to

imxplement the Central with necessary contractual support. The Central's
organization will include a field team or liaison group, a parts engineering

group, and a data processing and analysis group.

Prior to the c stabl11s~hment of a full1-scalc Central, a test oel~ration has

been uncdertaken to build a working model of the Central and to demonstrate the

feasibility and potential of the full-scale system. The test operation is now

in progress and will be completed in the fall of 1967.

The Central is starting with a semiconductor transistor and diode data base

in its test operation. After the test operation is completed, the Central will

• • beta -'xnlcd smoothly over a two-year period to incorporate semiconductor integrated

'.circits, "inmechanical and electromechanical parts, and discrete electronic parts, r
S~in thaft or.l.Although present plan/s for thce Central limit Its cove',racge to the

parts anl dovic•cs described, the Central will have thc capability to expand

raIpi-iy to incorporate reliability information on equipment and systems. The

C, ntiral will Vecome fully operational by mid-1969.

Status: The volume of data to be handled by the Central, the required

response time, and the diverse outputs to be provided from the raw data collected

have made It: necessary to establish a data-processing system to provide quick and

direct analysis functions. The following are some of the design features of the

data-processing system:

() The, system provides for multillst files and directories that describe

and locate the data. The data base is physically separated from the

directories, and processing is accomplished through the directories

that identify the data locations. 'The data-base logic structure is

independent of the physical location of the data. This makes it easy

to enter mew data or delete old data from the data base.
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(.') M--an are provided for keeping records concerning the frequency of

access to various data in the file and for automatically notifying

operating personnel of data structure changes that would be more

e'fficient.

(3) Programs are being written in "macro packages" or tasks so that thty

can be linked together to perform Jobs. This will reduce to a minimum

t1oe need and cost for special programming and reprogramming.

(4) Prestored program Jobs are being provided so that Central personnel can

state the data parameters and identify the sequence in 1shich tazks

are to be executed. The system will contain predefined progrars to

provide •hidled data outputs at regular intervals.

(5) Programs will automatically extract data from the file by means of

complex Boolean expressions, enter and deletc data from the file, add

new items to the file, enter and delete inl!x items in the directory,

and change the logical structure of the fi .

(6) Engineers not skilled in programming will, through the use of a Query/

Response Console, be able to extract selected data from the file and

automatically execute analysis routines tli • will operate on the

extracted data.

(7) Means are provided for handling multiple queries through the use of the

Query/Response Consoles and for carrying out scheduled program

executions for the preparation of Reliatil!y Notebooks and other

outputs at regular intervals.

(8) Means are provided for on-line analysis an" manipulation of data.

(9) The capability will exist for adding other random-access devices,

consoles, addressable memories, and otih.r genera.:-purpose units to
the system.

The RADC Computer Facility is being used for the test operation of the
Central; with some additional equipment it will serve as the operational computer

system for the Central.

Contact:

Mr. Milton Haus, Chief
Reliability Analysis Central
Rome Air Development Conter (AFt j
Griffiss Air Force Base, New Yore 13•L

Attention: SMMC
Telephone: (315) 330-4102
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2.2.3 Air Force Project Rand

Technical Coverage: Subjects are classified in 28 major subject areas,

including the following:

Game Theory: Best strategies, continuous games, discrete games, games in
extensive form, games of timing, games over function space, general theory,
methods of solving, models and applications, non-zero-sum and n-person games.

Logistics: Data processing, logistics systems laboratory studies, mainte-
nance, supply, transportation, and mobility.

Materials: Producibility, structural weight reduction, heat ablation and
absorption, advanced metallic and ceramic materials, z:aterials analysis.

Mathematics: Computing machines, differential .;.uations, dynamic programming,
extremum problems, functional representation, game tflory, inequalities, integral
equation, learning theory, linear programming, linear' spaces, machine translation,
moment spaces, numerical analysis, offense studies anal mathematical models,
polynomials and special functions, transportation pr' ilema and network theory,
utility theory, war gaming, new concepts and techniq,:8.

Reliability: Reporting and analysis, quality a:, urance and control,
probability analysis, military essentiality, automated replacement and repair.

Statistics: Distribution theory, estimation procedures, probability,
randomization, significance tests.

Systems Analysis: Methodology, operations research, interdisciplinary
analysis, problem-solving, military-effectiveness analysis, operational-methods
design, operational-requirements analysis, military-systems evaluation.

The subject areas are associated with the fields of aircraft, missiles,
communications, cost analysis, electronics, propellants, propulsion, radar,
and space flight, to name a few.

Mission and Description: Project Rand was initiated In 1946 to assist in
long-range Air Force planning and programs of research and development in
selected areas of the physical sciences, economics, mathematics, and the social
sciences. The research staff consists of some 500 full-tilme professional per-
sonnel, with an additional 300 consultants available for work on projects in
their special fields.

Three-fourths of the work of the Corporation is performed for the Air Force
under Project Rand. The remaining effort is devoted to contractual research for
the Advanced Research Projects Agency of the Department of Defense, the Notional
Aeronautics and Space Administration, the Atomic Energy Commission, the National
S ience Foundations, and private foundations. The Rand Corporation also conducts
independent research with its own funds.
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Project Rand does not manage Air Force programs; it investigates areas of

potential research and recommends projects, many of which are eventually carried
out or sponsored by the Air Force. Its primary mission is to provide the Air
F,-rce with objective advice in the formulation and implementation of AF plans,
policies, and programs, through studies, analyses, and syntheses in the fields
of scientific' research and development, intelligence, operations, logistics,
and other applicable areas. It helps the Air Force to determine the character
and limitations of future air-combat weapons and strategies. Each weapon system
or strategy is studied in a context that includes its economic, social, and
political impact and realistic estimates of future weapon developments and human
l,ehaviur.

Status: It is the policy of Project Rand to report the results of research
to the sponsors in the shortest possible time. This is accomplished through
informal oral briefings as a project progresses, through formal briefings at the
conclusion of each major study, and through dissemination of the various types
of Rand publications. In the interests of scientific progress and in keeping
with the Air Force policy of disseminating results of unclassified research as
widely as possible, more than 700,000 copies of publications reporting results
of research have been distributed to date. These publicationa have been made
available not only to the sponsoring agency, but to other Government agencies,
to industrial research and development organizations, to individuals engaged In
research at universities and other educational institutions, and to a system of
depository libraries, both in the United States and abroad, so located that
maximum availability can be achieved through interlibrary loan services.

Classified research results are made available only to authorized Covernment
agencies and Department of Defense contractors. All publications containing
proprietary information are labeled "Privileged Information" by the Corporation
and are distributed only to the military. Reports are marked "Priviliged
Information" only by direction of an industrial or contractual sour'ce; no infor-
mation originating in Project Rand studies or reports is so labeled.

Rand Reports: Rand Reports are formal reports of completed research studies
or technical investigations. Some Rand Reports are published simultaneously by
commercial publishers and offered for sale to the public.

Rani Memoranda: Rand Memoranda are primarily working papers reporting the
progress of research or the completion of a single phase of a large research
project. They may be expanded, modified, withdrawn, or published at a later date
in another form. Often they become chapters in Rand Reports. New Rand Trans-
lations are also issued in the RM series.
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Land Papers: Rand Papers are not prepared under contract. They are I

esaeJtlally papers prepared by the staff for publication in professional journals

cr for presentaticn at scientific meetings. Most papers are eventually published t
In journals or proceedings. If a Rand Paper has not achieved outside publication

when the annual Index of Selected Publications goes to press, it is listed in

the Index aith a symbol indicating that it Is available only as a Rand Paper.

Iif a Paper ha, already been published In a scientific Journal or in the proceedings

of a conference or symposium, the place and date of publication are given in the

Index. Between two hundred and three hundred Rand Papers are issued each year.

The primary announcement media for new Rand publications are the annual .

Itdex of Selected Publications and its bimonthly Supplements. The Annual Index

is issued in both classified and unclassified seditions. It contains a cumulative

l•.sting of titles and abstracts of all Rand Reports, Memoranda, Translations,

and Papers. A subject and author index is included. The bimonthly Supplements

contain cumulative lists of titles and authors of Rand publications of all types

that have been added to the depository libraries since tha latest annual Index

wao publishod.

The classified Rand Index of Publications and its Supplements are not made

available to industrial contractors or to Air Force consultants with commercial

affiliations. They are made available only to authorized recipients appearing

on the Master Distribution List established in Headquarters USAF. The unclassl-

fled hand Index of Selected Publications and its Supplements are distributed to

all Rand dapository libraries and to several hundred other public and university

libraries throughout the country. They may be obtained by Government contractors

on a subscription basis for $10 a year. OL

Symposia: Symposia arranged by the Rand Corporation in the interest of

current research projects are usually held at the Rand building in Santa Monica,

Califcrnia. Symposia may be sponsored by the Air Force, the National Aeronautics

and Space Administration, or the Air Force Systems Command, or may be conducted

independently at Hand. Proceedings are published as Rand Reports and are fre-

quently published simultaneously as trade books by commercial publishers.

Contact:

Project Rand Office
Director of Development Planning 4

Headquarters, U.S. Air Force
Washington, D.C. 20330

Performing organization:

The Rand Corporation
1700 Main Street
Santa Monica, California
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I: 2.3 U.S. isnlr Data Sources

2.3,1 TAERS, The Ajmy Equipment Record System

Technical Coverage: Maintenance-management data, part repair and replacement

frequency, maintenance resources, and manpower requirements.

Mis sion and Description: The system has been designed to collect and process

data to provide the maintenance-management information required by field command-

"ers and managers. The objectives of collecting, processing, and utilizing these

maintenance data are to provide the information necessary for the evaluation of

(i) oquipment status and material readiness, (2) effectiveness of maintenance

operations, (3) adequacy of resources, and (4) support requirements.

Status: The maintenance data are collected in accordance with TM 38-750-1,

and are processed and analyzed. These data are then distributed to all command

and staff elements that need such information, including the organizations and

support maintenance activities that produced the raw data. Organizational

Commaanders are held responsible for the accuracy and completeness of information

and for the submission of all data-collection documents. Major Commanders are

responsible for providing necessary machine-processing capability, personnel,

facilities, and organizational structure to accomplish the data-processing

functicn.

The proceasad data are subjected to close scrutiny during the analysis phase

of the processing cycle. Analysis of the data is programmed to indicate what

equipment is failing, why it is failing, how often the failure is occurring, and

the amount of time required for repairs. Results of this analysis provide a

statiotically valid forecast for planning purposes.

Contact:
"Mr. Michael J. Venezia
AMSEL-MR-NMP-MT
U.S. Army Electronics Ccrmand
Fort Monmouth, New Jersey 07703
Telephone: (201) 532-1202

Performing organization:

Mr. Frank Faraci
U.S. Army Logistics Command
Logistics Data Center
Blue Grass Army Depot
Lexington, Kentucky
Telephone: (606) 299-4135

"2.3.2 DLSIE, Defense Logistics Studies Information Exchange

Technical Coverage: Logistlcs and related data.
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Mission and Description: The Exchange was started in July 1962 to collect, I
store, and disseminate bibliographic information on logistics. It uses an RCA 501

Computer to produce the Annual Department of Defense Bibliography of Logistics

and Related Subjects. Specific data can be retrieved on such subjects as NIEf

ZEUS missile maintenanc2, certain phases of SWIFT STRIKE, and Capehart housing

construction.

Status: Reports, books, and periodical articles in the field are analyzed

and processed for inclusion in the Master File. The staff reoeiies requests for
information from the Logistics Management School, DOD logistic agencies and their

contractors, and qualifieJ civilian requesters. The majority of users are manage-

rial personnel and mathemrticians. The Exchange does not lend items; thus most
requests are for reference and bibliographic materials.

Size and Rate of Growth: Approximately 6,000 items of data are in the

collection, with increases of about 2,000 each year. Plans call for the develop-

ment of a thesaurus during oalendar 1966-67. Terms will then be selected from

the thesaurus, and new wordE will be added only after careful consideration.

Contact:

Mr. Jack P. Wilson, Manager
U.S. Army Logistics Management Center
Defense Logistics Studies Information Center
Fort Lee, Virginia 23801
Telephone: (703) 734-2500 AM

2.4 U.S. Atomic Energy Commission Data Sources

2.4.1 AEC Division of Technical Information

Technical Coverage: Nuclear science and related sciences.

Mission and Description: The Division of Technical Information plans, directs,

and operates a comprehensive nuclear technology information program to meet the

needs of the Atomic Energy Com|mission, its contractors, other Government agencies, II

industry, and the world technical community. It establishes AEC standards,

policies, and procedures for the reporting and dissemination of technical Infor-

mation developed through AEC research and development. Principal activities of

the Division are divided between the Headquarters office ane the Division of

Technical Information Extension.
q S

Status: Headquarters activities include management of AEC systems forx

exchanging, processing, controlling, and publishing technical information, as

wall as liaison with other Government technical information activities. A

special publications program includes the preparation and publicetion of technical

books, handbooks, monographs, periodic technical progress reviews, and proceedings

of scientific meetings. An exhibits group is responsible for the planning and

administration of an exhibits program to infcrm U.S. students, teachers, and
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th2 il:y public of the fundamentals of nuclear technology and its applications.

TiAe exhibits Croup is also responsible for tre preparation of educational book-

Sults and brochures; for AEC participation in domestic exhibits sponsored by
professional soc-teiles, Industril] grovps, and Government organizations; and :t

fop the management of technical information centers at foreign exhibitions and

scienliflc conferences.

Contact:

SI Division of Technical Information
S, Headquarters, Atomic Energy Commission

Germantown, Maryland

"2.5 National Aeronautics and Space Administration Data Sources

2.5.1 NASA APIC/PRINCE Information Center

Technical Coverage: Technical information on parts and materials,

specificatiuns, and testing results.

Mission and Description: The overall objective of APIC is to collect,

consolidate, abstract, store and disseminate a broad spectrum of information

and data. Some of the specific objectives are to collect information and analyze

it for its usefulness, arrange the information in useful forms, and provide rapid-

response services to the user.

The APIC operations, techniques, methodology, and related services are

designed to satisfy current and future needs, the s.,ope of which was defined

by the system's application to the Apollo Program.

With APIC as the focal agent for data exchange, many benefits are realized

through the succession of services and documents, including significant mionetary

and time savings through rapid access to many areas of information. This infor-
ination offer's opportunities for decreasing duplication in design, preparation eof
procurement specifications, conducting tests, and conducting qualification of

items. APIC assists in the development of a system by which a small variety of

different parts can be used in similar applications. All Apollo Program partici-

pants are encouraged to use the APIC system to avoid unnecessary design delays

and component failures in the Apollo System. Information is being processed

into the system at the rate of approximately 5,000 line items per week. This

information is furnished by NASA, its many contractors, the Air Force, the Army,

and others. This variety of information constitutes data of considerable interest

and benefit to all Apollo Program participants. New data from many sources are

being processed into APIC to enhance its capabilities and to offer additional

services to users.
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These services are provided free of charge to all Apollo Program participants.

Tre only cost Involved is the cost of the communications mode used in contracting

APIC.

The APIC System encompasses three major operations: the technical data systems,

the communications,and the computation systems. These operations are intermeshed;

they constitute the overall APIC activity by which two outputs are produced --

Standard Services and Special Services. .

A Standard Service is one in which an inquiry can be processed and a reply

given within a short time after receipt of the inquiry. Only routine search

operations are involved in this type of service.

A Special Service, in re;ponsec to a complex Jnquiry, involves not only

time-consuming searches to retrieve the requested information but also investiga-

tion of the infor'mation by analysts and engineers. Consequently, a period of

up to 5 xcrking days may be requIred to provide this kind of service.

Th- APIC Index is sequenced by Drawing Number. The PRINCE Index is arranged

by Part Classes, and within each of these part classes the items are sequenced

by Part Number. If the information desired is "Parts" oriented, the PRINCE Index

is used; if the information desired is oriented by a Part Drawing Number, the Sm

APIC Index is used. In addition, the Indices can be cross-referenced.

Requests for the information contained in APIC are made through the Inquiry

Service. The Apollo Parts Information Center Inquiry Service can be contacted

by mail, telephone, or fatsmlle.

The communication nystema utilized by APIC allow the Inquiry Service

Operation to accept requests for partu and materials Information from ErlmoUt

any point in the United States. Direct occesa to APIC is provided by major

Federal and coimmercial communications networks from almost ayky point in the free

world, including the NASCOM Network. The communication systems employed in this

network permit facsimile, voice, teletype transmission, and the transmission of sm

records such as magnetic tapes, EAM cards, etc.

A S_4-hour recording service is available for continuous receipt of inquiries.

Inquiries recived after normal working hours, and on weekends, are processed

the first working day after they are received. Normally, an inquiry will be

answered by the same mode of communication by which it was received. "I

Answers to inquiries are forwarded to participants through the mail. in the

form of computer printouts, microfilra copies of test reports, and hard copies

of documents. In general, replies to inquiries are made by the most compatible

communications mode, depending on the material that is to be transmitted.
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APIC, PRINCE
lii ulalnup 4yuR
P-rcha'i Space FliEpht Center
1i.;ntcville, Aiabama 3581?
Tciephnie : (u 5) 842-3231l
Data Fax: F5-337

2.5.2 RATRhcR~iabilityLAbstracts and Technical Re-views

-Technical Oo~verej: 'Reliability information as- related to aerospace resea-rch, -

* - development, and operation.

Mission nd Description: RATR Is published monthly by the National Aeronautics
*and Space Administration. It is an abstracting and critical-review service

covering-. pub~lishedl literottire en r-eliability. RATR is available without charge
to reliabilit;- and quality-asaurin-ce officers of U.S. Gcovernment aU-encies- and

- - ~~their- contra:ctors-, Indutiuatl' librarians, and engineering faculty mmes

Status: The jouln:u ;.hutractu;, lindexes:, and critically r~eviews an averag.-e
of 5)ý litera".ture itemso ol t 1cl'moth. Cpy for- the2 abstract-reviewa3 IL; prepartedc by,
i-odified Photon eqjuipmeýnt; copy for, the Indexes Is prepared by computer, pr~intout
with IBM 141C aQUIPMeI.t.

The Journal cuover Iliterature o n r-eliability as related to aerospace and
*isý direýcted at ýan audience10 whacn~ ultimate Interest is Inl space procb and mannued

spc veicles anld thle componelnts o'f the equipment they Carr y.

* RATET produices abstracts, indc~es, atnd reviewsi of publishied literature oil

re~liability .

* . i ) r eitoria~l matter's,
National Aerocnautics and Space Administration
Reliability and Quality As~surance Office
Washing11lfton-, D. C. , 2054
Attention: Code KR

(Lj To determine availability cf the Journal,
National Aeronautics and Space Administration
Scientific and Technical Iniformretien Division
Washington, D.C., 20546
Cede US

* (j)FOr su~bscriptions to thle Journal,4

F * 0ooringhouse for Fedaral Scientific anid
Technical InformationA Port Royal Road

Springfield, VLiinia, 22151

-I Attention: Cod-e 410,14 i



3. GUIDE. TO GOVERNMENT SOURCES ENGCAGED IN THE~ COLLEC-TION1 or RELATED qTECHNITCAL
_ ITA

This section presents a brief summary of the mission, description, and

- -- status of 05 Government data sources which store technical infornation related "

to reliability and maintainability analyses. The sources are grouped according

to their applicable military departments of iovernment agencies and includes the

address of the contact for each source,

3.1 U. S. Navy Sources

3.1.1 NARDIS, Navy Automated Research and Development Information

Sy ster

Tethnical Cc.verage: Technical and management information on Navy research

and development projects.

Mission and Descripticn: NARDIS establishes and maintains a common data

batk to s3e-.ve as the prime source of technical and management-oriented information

on all Navy-aponoored research and developmunt. Meets DoD requirements that

certain Navy-sponsored R&D be repor-ted. in digital form to DDC. Promotes inter-

communication among Naval scientific, engineering, and technical personnel through

a rosponoivo Informution-storaL7e and -ret-iuval :;yaitom.

The system establishes n,! maintains a computer- orienLed UNIVAC LANG

information -storage and -rCt vi.Žvaa system, c;apabie ,Vf, 11,cvljig and p' ,.,o.j III,,

Navy R&D reports. The complete or partial file is available to authorized Navy

components, and textual replies are made to technical inquiries. Subject-indexes

the objective, approach, etc., of all R&D reports to make them amenable to

subject-matter searches. Digitalizes (on magnetic tape), checks the consistency,
and transmits to DDC all R&D data required by CDOR&E. Assists Navy management

to plan and fornalize' requirements to include all Navy R&D efforts and oystemo

in the data banuc. Designates NARDIS personnel to participate in the ODORTSE

system to ernhance its functional and operational capabilities.

In operation since July 1965, the current NARDIS data bank comprimos more

"than 990 R&D work units that have been transmitted to DDC, and more than 200k

repc:to at the tusk and preject levels. The number of queries per week currently

averages 1h, From 4O to 75 reports are processed daily.

Status: In FY67-69 the Navy R&D data bank will be maintained and organized as

required. NARDIS personnel will participate in DTMB preparation and programming

"for new computer hardwar . A NARDIS system mouk-up will be made for the new

computer hardware expected at DTMB in FY68 or FY69. The oceanographic data bank-

"will be expanded. A better data input is being planned, by means of either ax

optical scanner or direct computer input.

Contact:

Mr. J.O. BakerM
Office of Naval Research
"Washingttin. D. C. 20360
Telephone! (202) OX. 6-1152
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Performing organization:
Mr. 0. R. Gray, 880
David Taylor Model Basin
Washington, D. C. 20007
Telephone: (301) 995-1766

3.1.2 DMPS, Depot Maintenance Planning System

Technical Coverage: Technical simulation.

Mission and Description: This is a simulation progr-m for computinb *ýroposed

workloads and the distribution of these workloads among tr.e seven industrial air

stations. It provides the capability for examining the im~pact of m1anagement

decisions over a projected five-year period, and assists In pinpointing deficien-

cies in facilities, skills, equipment, manpower, etc. Basically this is a compound

matrix calculation utilizing punch-card input, large computer memory, and tape

files.

Status: Estimated computer time, 25 hours per quarter.

Contact:

Mr. Charles Dahl
Fleet Readiness Representative -- Pacific
Naval Air Station
North Island, California
Telephone: (714) 435-6611, Extension 1568

Performing organization:
Data Processing Department
NAS North Island
San Diego, California

3.1.3 ADCS, Aircraft Directives Configuration "ystem

Technical Coverage: Aircraft maintenance.

Mission and Description: Reports on all Naval Air Stations, aircraft

carriers, squadrons, and detachments. It is a mechanized system for the collec-

tion, reporting, and accounting of aircraft directives that are incorporated and

applicable to all Naval aircraft. The objectives of the system are to provide

all levels of aircraft maintenance with information concerning the mdssion capa-

bility, outstanding directives, and the man-hours required to incorporate these

directives and related management information.

Status: This program requires a minimum of 100 hours per month of AD11

cervices at each performing activity.

Contact:

Mr. H. Marshalk, Code FDM-11
Documentation Management Division
Naval Air Systems Command
Washington, D. C. 20360
Telephone: (202) OX. 6-4318
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Performing organization:::

BWFRRPAC
BWPRRLANT
BWSRTS
NATSF
NAS North Island
NAS Norfolk
NAS Pensacola
HAS Philadelphia

3.1.4 AMMRL, Aircraft Maintenance Material Readiness List

Technical Ccverage: Aircraft maintenance.

Mission and Description: AMPUL reports c-. all K3val air stations, aircraft

carriers, aircraft squadrons, and detachments. It establishes and maintains a
list cof the support equipment required to perform aircraft maintenance. Whole
documents and a separate list are prepared by a computer for each activity opera-
ting Naval or Marine aircraft. Such lists are prepared when any change Is made

concerning the type, model, or configuration of aircraft operated, quantity of

each, level of maintenance performed, and geographical or environmental condition.
All files are maintained on computer tape, and all requests are triggered by puneh

cards.

Status: The preparation of these tailored lists consumes an averaee of
200 hours of RCA 501/301 computer time psr month at the performing activity.

Contact:

Mr. A. Aversa, Code FTM-23
Technical Material Management Division
Naval Air Systems Ccmmand
Washington, D.C. 20360
Telephone: (202) 0X. 6-5520

Performing organizations:

FiPLRRPAC
BWFRRLANT
NAS North Island
NAS Norfolk
HAS Pensacola

3.1.5 SMACS, Serialized Missile Accounting and Control 3,;sten

Technical Co verage: Ordnance maintenance.

Mission and Description: SM•ACZ7 atabliahes and maintains an inventory -nd
configuration control for missiles i their components. All staticns and ships
report transactions, receipts, firitr" off-loads, etc., to a -entralized point
to facilitate accurate appraisal of readiness pcsture.

Status: Prepares reports upon request.
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Conftat :

Mr. L. Perrus, Code FTM-23
Technical Material Management Division
Naval Air Systems Command
Washington, D.C. 20360
Telephone: (202) OX. 6-1745

Performing orgAnizations:

Mr. J. Stewart, Code E-3
FMSAEG, NEL
Corona, California
Telephone: (714) 736-5231

3.1.6 UADPS, Uniform Automatic Data Processing System for Industrial

Naval Air Stations

Technical Coverage: Aircraf. t

Mission and Description: UADPS establishes and maintains, between industrial
air stations, a, uniform flow of management and technical information, utilizing
compatible ADP hardware and programs. The objectives also include relieving
management of routine and quantitative decisions and improving manufacturing and
repair efficiency and the effectiveness of related functions.

Contact:

Fleet Readiness and Training Group
Naval Air Systems Command
"Washington, D. C. 20360

Performing organizations:

NAS Alameda
NAS Cherry Point
NAS Jacksonville
NAS Pensacola
NAO Quonset Point
NAVAIR

3.1.7 TDS, Technical Data System (NAVAIR)

Technical Coverage: Analysis of Naval weapons systems effectiveness and
support development programs.

Mission and Description: In-house studies of existing and proposed vapons
systems under representative conditions of employment with probabilistic and
other analytical techniques being used to estimate expected effectiveness.
Digital-computer processing of analysis. Intended to provide basis for opera-
tional and procurement management programs. Results presented in complete study
reports containing recommendations.

Status: A CDC 0-15 computer has been used since 1957 for about one-fourth
of the studies by TDS. Substantial use of computer is also made by other RDT&E
offices. Average estimated usage is 165 hours per month in single-shift operation.
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Inter'com language Iz uned, and one programmer attends the computer. Uther office
personnel can use the facility. Typewriter input and output.

Contact;

Mr. F. M. Gloeckler, Ccde R-5
Advanced Systems Office
Naval Air Svstems Command
Washing4-,vi, ). C. 20360
Telephone: (202) OX. 6-5840

Performing organization: Same as above.

3.1.8 TDS, Technioal Data System (N\VFAC)

Technical Coverage: Engineering and scientific fields relating to docks
and Naval shore facilities.

Mission and Description: Provides technical data and information storage
and retrieval services. Abstracts, codes, and indexes printed books, design
manuals, and maintenance and operational manuals.

Status: TDS plans to refine abstracting and indexing. A computer instal-
lation is planned.

Contact:

Mr. Norman H. Roth, Code 41-234
Naval Facilities Engineering Command
Washington, D. C. 20390
Telephone: (202) 697-7280

Performing organization: Same as above.

3.1.9 ALREPI Missile Performance Data and Retrieval System, Air-Launched
Missiles

Technical Coverage: Reliability and performance of air-launched missiles

fired by fleet operational units.

Mission and Description: To provide missile performance data by an
information-storage and -retrieval system. Evaluation is by means of statistical
and engineering analysis to determine areas for improvement in missile weapons.
System and performance characteristics are analyzed, for use in the solution of
logistics problems. The system combines digital and graphic data outputs and is
intended for use by working-level technical personnel. Data include reports of
aircraft intercepts, captive flights, and missile firings orig~nating in Fleet

operational squadrons.

Status: All searching is accomplished by computer programming. Processes
are determined by particular Job requirements. Planned changes include simplifi-
cations to improve internal procedures and processing, and standardization to
reduce duplication of effort.
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Contact:

Mr. J. J. Pierce
U. S. FMBAEG
Corona, California
Telephone: (714) 736-4344

Performing organization: fr-ne as above.

3.1.10 ASROC Identification and Transaction System

Technical Coverage: ASROC component usage, serviceability status, service

environments for surveillance, and service life studies.

Mission and Descriptions: External reports from Naval facilities and ships
are provided on all component identification data for new weapon assemblies.

User suggestions regarding additional system requirements and/or modifications

are solicited through regular contact with appropriate Fleet Command, Bureau
Management, and field-activity R&D personnel.

Status: Current plans call for inclusion of this program on ADP equipment

projected for station delivery late this year. Preliminary systems analysis
work is currently under way. Total mechanization of this program will greatly

reduce special operator demands and requirements, accelerate processing, and

increase utilization of information available from this program through more

timely responsiveness, especially to urgent telecon requests.

Size and Annual Rate of Growth: 3,500 documents now in the system, with

approximately 1000 new documents being added ,'ach year.

Contact:

Mr. W. H. Warhurst
Quality Evaluation Laboratory
Naval Weapons Station
Seal Beach, California
Telephone: (213) 596-5511, Fxtension 489

Performing organization: Same as above.

3.1.11 UWSRD, Underwater Weapons 3ystems Reliability Data

Technical Coverage: Reliability evaluations of underwater weapons systems.

Mission and Description: This data source has capabilities in technical

data and information storage, processing, and retrieva?. No formal system-

evaluation method is utilized. The efficiency of the .;ystem is measured by Its

capability for providing the technical data necessary for weapon system analyses

and reliability and effectiveness determinations by both In-house engineering
and technical personnel and its outside users, including Naval Ordnance Systems

Command activities, ASWSP, CNO, and Fleet units. When system weaknesses are
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ovidenced by the system's failure to provide expeditiously the necessary technical
Information required for the wide variety of demands, consideration is given to
improving specific facetz of the system. The system's ability, to date, to
respond to the frequency and variety of demands placed on it Is a measurement
of the system's effectiveness.

Status: Reporting documents used as the input media to this 3yntem are
currently being redesigned to improve their usefulness in providing the data
necessary for more accurate evaluation and analysis of complete ASW weapon system
performance. It is estimated that the reporting forms will be redesigned and
the data retention restructured by mid-1966.

Because of the demands being placed on this system, a request for computerizing
the installation has been submitted. Computerization is required If system
effectiveness is to be significantly maintained and improved.

Size and Annual Rate of Growth:

Item Annual SizeI-em Growth Sz

Firing Reports 6,000 18,802 irn system
RUDTORPES 7,500 24,527 in system
FIR Reports 6,000 14,934 in system
Dzaily Defects 8,000 21,500 in system
Daily Defect Follow-Up Reportý. 27,500 79,760 in system

Contact:

Mr. W.R. 0'Neil, Code FS-4
U.S. Naval Underwater Weapons
Research and Engineering Station
Newport, Rhode Island

Performing organization: Same location as above.

Mr. J.J. O'Connel, Jr., Code CS-5
Mr. C.T. Harris, Code DO-3

3.1.12 UWSDDMS, Underwater Weapons Systems Design Disclosure
Management System

Technical Coverage: Service engineering and maintenance for underwater

weapons systems.

Mission and Description: Data reduction, storage, and retrieval to support
in-service engineering, procurement, production, and maintenance for underwater

weapons systems, including torpedoes, underwater missiles, fire-control equipment
launchers, torpedo tubes, and associated equipments.

The relationships of an engineering drawing to any part, entire weapons
system configuration, and associated equipment, along with its supporting docu-
mentation, can be determined by EhM file organizations.
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While there is no formal method for evaluating the system, which has been

in use for 18 years, the wide extdnt to which it is employed by in-house engineers
and technicians and by outside users attests to its success. Additional evidence

of its usefulness is that while this system is considered the pioneer for control-

ling documentation, it is being widely emulated by the U.S., other governments,

and many commercial activities for similar purposes.

Status: Because of the expanded responsibilities assigned to this activity,
which require data-processing services for UWSDDMS and other applications, it has
become apparent that EAM equipment is no longer adequate. A request for computer-

ization of the installation has been submitted, to improve the overall system

capabilities.

The system is in the process of locating and acquiring for these systems

the documentation that was widely dispersed. The rate of growth is indicated

by the fact that at the end of 1964, 47,362 drawings were held, as compared with

69,861 at the end of 1965. For the next two or three years, it is estimated that

the number of drawings will increase at a similar rate.

Contact:

Mr. J.J. 0'Connel, Jr., Code CS-5
U.S. Naval Underwater Weapons
Research and Engineering Station
Newport, Rhode Island

Performing organization: Same location as above.

Mr. C.T. Harris, Code DO-3

3.1.13 IHS, Information Handling System

Technical Coverage: Engineering calculations, drawings, design sketches,

technical data, and tables on NOTS weapons testing.

Mission and Description: To provide an information data bank consisting

of NOTS weapons project developmental and ergtneering source information. A

central index is maintained, utilizing microfilm data storage and quick-scan

retrieval equipment.

Status: The system has been implemented to meet mission objectives.

Size and Growth Rate: Twelve-month estimate on growth is 50,000 images or

12,000 documents, with a 50-percent increase to 100,000 images after the first

year of system implementation.

Contact:

Mr. J.L. Cox, Code 55
Naval Ordnance Test Station
China Lake, California 93555
Telephone: (714) 7-411, Extension 71459



Performing organization:

Mr. Robert W. Weakley, Code 55642
Engineering Department
Naval Ordnance Test Station
China Lake, California 93555
Telephone: (714) 7-411, Extension 71356

3.1.14 ADP System for Summarization of UEL Surveillance and Fleet-

Firing or VT Fuzes

Technical Coverage: Component reliability of VT fuze performance.

Mission and Description: To assist in statistical and engineering analyses

of test results and to provide for identification and retrieval of data for

assigned special tasks; to provide a data and information storage and retrieval

system for laboratory test and fleet firing data; and to provide summarization

of test results reported by laboratories conducting surveillance and OCL

evaluation and tests.

Status: The system was evaluated in July 1964; it was scheduled to become

fully operational by 1 January 1967. Computer programs identify VT fuzes of

specific manufacturers and provide printouts of test results. Test results are

related to comparisons of various components in terms of malfunctions and frequency

of defects.

Size and Rate of Growth: The system currently contains 40,000 test documents.

Approximately 4,800 items are added each year from fleet firings and 18,000 from

laboratory tests.

Contact:

Mr. C.A. Candiotti, Code QEWE
Q.E. Laboratory
U.S. Naval Weapons Station
Concord, California
Telephone: (415) 686-0550, Extension 61

Performing organization: Same ]ocation as above.

Mrs- Frances M. Harz, Code QECS
Extension 52

3.1.15 ADP System for Summarization of QEL Surveillance of Na'y
Gun Ammunition

Technical Coverage: Performance reliability of Naval gun ammunition.

Mission and Description: To assist in engineering and statistical analyses

of laboratory test results of gun ammuiation and components, and to provide a

data and information storage and retrieval system for the results of QEL and
special tests performed on conventional Navy gun ammunition and components.

Status: The system was scheduled for complete evaluation by 1 October I066

and for operation by 15 March 1967. Outputs Nill be listings and summaries of

specific ammunition types, lots, and components resulting from the application of

statistical techniques to the collected data.

43



Size and Rate of Growth: 30,000 cards are now in the system, with estimated

additions at 2,600 annually.

Contact:

Mr. C.A. Candiotti, Code QEWE
Q.E. Laboratory
U.S. Naval Weapons Station
Concord, California
Telephone: (415) 686-0550, Extension 61

Performing organization: Same location as above.

Mrs. Frances M. Harz, Code QECS
Extension 52

3.1.16 ADP System for Fleet-Fired Navy Gun Ammunition

Technical Coverage: Reliability of stockpile ammunition.

Mission and Description: To evaluate the performance of U.S. Navy gun

ammunition expended by the Fleet, and support Naval Ordnance Systems Command
in evaluating Fleet shoots of Navy gun ammunition. The system also monitors

the effectiveness of ammunition provided to the Fleet and identifies factors

adversely affecting reliability and serviceability, and provides information

leading to correction of material defects in the ammunition stocks.

Status: The system became fully operational on 1 Sep- .•er 1966. The

computer is interrogated by parameter cards that Identify specific information
required. Outputs are listings of ammunition lot performance from test data

and statistical summaries.

Size and Rate of Growth: 160,000 source documents are now in the system,

with 40,000 to be added annually.

Contact:

Mr. C.A. Candiotti, Code QEWE
Q.E. Laboratory
U.S. Naval Weapons Station
Concord, California
Telephone: (415) 686-0550, Extension 61

Performing organization: Same location as above.

Mrs. Frances M. Harz, Code QECS
Extension 52

3.1.17 SMS, Configuration Management Monitoring System

Technical Coverage: Missile systems engineering for Engineering Change
Proposals, ORDALTS, and SHIPALTS.

Mission and Description: To provide status accounting of all Information
related to SMS problems and resolution thereto: Deficiency Corrective Action

Information, Technical Instruction indices, ECP status accounting, ORDALT
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procurnument status accounting, SMS Improvement data plan, and First Class Change
inutallation status accounting.

Status: The current active file will remain reasonably stable in size,
while history files used relatively little will grow in size. The total number
of active items should not exceed 5,000. Plans include development of a total
integrated system in support of configuration management on an IBM 360/40 computer.

Size and Rate of Growth: Additions or changes to elements on file are
approximately 5,000 each month.

Contact:

Mr. J.C. Story, Code 4310
U.S. Navy SMSES
Port Hueneme California 93041
Telephone: (605) 487-5511, Extension 312

Performing organization: Same as above.

3.1.18 SMS Engineering Drawings and Documentation Support System

Technical Coverage: Missile systems engineering drawings and data.

Mission and Description: To maintain an indexed control over and provide
a means for accessing SMS-related engineering drawings and documents.

Status: The system contains index information as necessary to maintain
control over data repository. Drawings and manuals are related via an equipment
file and a site file that includes equipment configuration to the piece-part
level as a function of ORDALT accomplishment status.

Size and Rate of Growth: Microfilm file contains 1.3 million records; LD

detail file 1.5 million records; technical manual file 2,000 records; and there
are approximately 20,000 uncategorized records. The files are now 90-percent
complete. Future growth will not be over 10 percent of present size.

Cortact:

Mr. A. Vasquez, Code 4340
U.S. Navy SMSES
Port Hueneme California 93041
Telephone: (605) 437-5511, Extension 350

Performing organization: Same as ab-ve.

3.1.19 SMS, Configuration Accounting System

Technical Coverage: Missile systems reliability studies and predicted

failure rates.
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Mission and Derscription: To provide configuration Identification and
accounting for all &hips Mi3sile Systems equipment.

Status: Basic documents generated are (1) Ships Packages, (2) second-source
procurement packages, (3) provisioning data, and (4) reliability studies. Other
stored data include technical manuals, Ships Plan Index, Item Identification,
where used, site file, and predicted failure rates. The system is now being
reprogrammed and redesigned for the IBM 360/40 in COBOL. The system now uses
the IBM 705 and 1401 computers.

Size and Rate of Growth: The equipments file currently contains approximately
1,000,000 line items of information and is expected to increase in size by 50
percent over the next two years, after which it will remain relatively stable in
size.

Contact:

M4r. R.E. Van Dermay
U.S. Navy SMSES
Port Hueneme California 93041
Telephone: (605) 487-5511, Extension 8123

Performing organizations: Same as above.

3.1.20 UICP, Uniform Inventory Control Point Program

Technical Coverage: Repair parts, allowance lists, and provisioning
requirements.

Mission and Description: To provide technical data and information storage,
processing, and retrieval to bupport project management programs. The data
describe characteristics of repair parts and application relationships. Technical
data and information are provided for constructing allowance lists, provisioning,
purchase, and weapons systems support.

Status: Data to be stored and indexed are accumulated on punched cards for
conversion to magnetic tapes and drums. Search equipment includes a U-490
computer with tapes, drums, and peripheral equipment. Output equipment consists
of a UNIVAC 1004, Burroughs 283, and Teletype YSR-33. Continuing analysis Pf the
system by staff for improvements is under way.

Size and Rate of Growth: 1.5 million current items of data on record, with
a 4-percent annual growth rate.

Contact:

Captain R.A. Jones, SC, USN
Naval Supply Systems Command
Main Navy Building, Code SANDA-45
Washington, D.C. 20360
Telephone: (202) OX. 6-5776
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Performing organization:

LCdr. S.D. Frost, 3C, USN
Fleet Material Support Office
Naval Supply Depot
Mechanicsburg, Pennsylvania
Telephone: (717) 766-8511, Extension 2504

3.1.21 ADP System for Indexing and Retrieval of Engineering Drawings
and Technical References

Technical Coverage: Technical data on components and weapons systems.

Mission and Description: To provide ready reference to engineering drawings
needed for effective accomplishment of RDT&E, production, renovation, and other

assignments with respect to advanced and conventicnal weapons systems and compo-

nents; and to provide indexing and retrieval systems for technical documents,

texts, etc., to support engineering, quality control, and reliability programs.

Status: The systems became operational on I July 1966. They have been

developed to provide a quick-response reference to technical documents relating

to test results and evaluations. Data to be indexed are accumulated on punched

cards for conversion to magnetic tape storage. Methods are currently being

developed for keypunching directly from microfilm and standardizing the terminology.

Size and Rate of Growth: Enagineering drawings total 62,000 documents, with

30,000 more added each year. Technical references are estimated at 20,000, with

1500 added annually.

Contact:

Mr. Philip M. Ferman, Code QE-1
Q.E. Laboratory
U.S. Naval Weapons Station
Concord, California
Telephone: (415) 686-0550, Extension 36

Performing organization: Same location as above.

Mrs. Frances M. Harz, Code QECS
Extension 52

3.1.22 ADP System for the Navy Calibration Program, Nuclear Weapon
Test Sets

Technical Coverage: Reliability of test and measuring equipment for

nuclear weapons.

Mission and Description: To provide a system for storage and retrieval
of technical data and information for Nuclear Weapons Test Sets, and provide

data source for continuing engineering, mathematical, and statistical analyses
of tesL results obtained from calibrations conducted on Nuclear Weapons Test

Equipments.

47



Status: The system has been operational since August 1963; it was developed

to permit more effective employment of mathematical and statistical techniques

in summarizing, analyzing, and reporting program findings, and to provide for

the reflection of reliability of equipments and systems covered by the Navy

Nuclear Weapons Test Equipment Calibration Program. Capability includes retrieval

of technical data and information in statistical reports. Data are keypunched

and entered on magnetic tape for storage.

Size and Rate of Growth: The system now contains approximately 2,500

retrievable documents. About 250 new entries are addt- each year.

Contact:

Mr. Robert Sanders
Q.E. Laboratory
U.S. Naval Weapons Station
Concord, California
Telephone: (415) 686-0550, Fxtension 63

Performing organization: Same location as above.
Mrs. Frances M. Harz, Code QUCS, Extension 52

3.1.23 ADP System for Wavy Calibration Program for MEC, Pomona

Technical Coverage: Reliability of test and measuring equipment.

Mission and Description: To provide an electronic data processing (EDP)

system to monitor the calibration servicing of test and meacuring equipment
by Navy calibration facilities. The data are used to optimize calibration

intervals, provide a means of detecting equipment not performing acceptably,'and

determine laboratories whose performance deviates significantly from the average.

Data summaries, listings, and stati~tIcal reports generated by the EDP system are

analyzed to determine the optimum calibration interval for a specific make and

model of instrument or equipment.

Status: The system has been operat.onal since I June 1965. Data to be

recorded are accumulated on punched cards for conversion to magnetic tape files.

The system can continuously retrieve data and information to monitor and Improve

the calibration program, and can obtain information for engineering studies to

improve one or more specific parameters resulting in Improved equipment reliability.

Size and Rate of Growth: 100,000 data records, with approximately 150,000

to be added annually.

Contact:
Mr. Stanley K. Crandon
Naval Weapons Representative
Metrology Engineering Center
Pomona, California
Telephone: (213) NA. 9-5111
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Performing or0unizatior :

Mrs. Frances M. Harz, Code QECS
Q.E. Laboratory
U.S. Naval Weapons Statlon
Concord, California
Telephone: (415) 686-0550, Extension .52

3.1.24 USNIRS, Underwater Ship floise Information Fetrieval System

Technical Coverage: The physics of underwater ship noise, shJ)p silencing,

and mine warfare.

Mission and Description: To develop a library of available acoustic

oignatures of Naval and commerclal vessels on magnetic tape and in digital form

over a spectrum of 5 Hz to 40 KIGz, and pressure signatures on the same types of

ve-,ae:1z.

Status: Reports, Issued at irregular Intervalz, contanr. tatulated

signatures giving noise figures in absolute levels. Copies of r.agnet i1: tapes

are supplied upon request of Naval actIvit!es or ton'ractcr,. Pres-:,r rfepor's

are copies of strip recorder traces, and these are Issued at Irregular

intervals.

Size and Growth: An acoustic signature library of more than 900 signatures

has been compiled on more than 400 vessels, Incluting many special types of

versels. A pressure library of irore than 3C0 sIgnatures has been compiled.
Magnetic tapes have been copied by and for contractors for various types of

analysis and development. Accumulation of both is continuing.

Contact:

NAVSHIPS Code 0343
Naval Ship Systems Command
Norfolk Nav-l Shit-yard
Portsmouth, Virgilia 23709

Performing orCanizationre

Mr. H.A. Summers
Range Division, Building 704
Acoustic and Pressure Check Section
Fort Story, Virginia 23459
Telephone: (703) 428-1111, -qxtenslon 4121

3.1.-5 VS1F, Marine Engineering File

Technical Coverage: Electronic and mechanical product data for research

and development maintenance engineering.

Mission and Description: To provide conmercial product data on microfilm

for storage and retrieval and use by engineering and technical personnel at
U-0. Naval shipyards.
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Status: Complete specification information is available from 20,000 pages
of data from 800 suppliers in every category :Mf equip-ment.

Growth: It is planned to include military specifications, APL's, and standard

Navy catalog material under the storage and retrieval system in the futtre.

Contact:

Mr. A.V. Petruccelli
Naval Ship Systems Command
Department of the Navy
Washington, D.C. 20360
Telephone: (202) OX 6-4705

Performing organization:

Information Handling Services
Denver Technological Center
Englewood, Colorado
Telephone: (303) Y71-2600

3.1.26 DSD, Diving Systems Development

Technical Coverage: Underwater-diving-systems evaluation and human-factors

analysis.

Mission and Description: To provide an information storage and retrieval

system for technical reports on diving systems evaluation, human-factors analysis,
and equipment performance. ?

Status: A data coding system has been established to reduce information to

an acceptable format for computer handling and to write FORTRAN IV programs for
retrieval and analysis. The system was scheduled to become operational in
January 1967.

Size and Rate of Growth: About 2,000 data cards are added each year. All LI•
experimental dives for the year 1965 have been coded.

Contact:

LTJG T. E. Berghage, MSC, USNR
U. S. Navy Experimental Diving Unit
Washington Navy Yard
Washington, D. C.
Telephone: (202) OX. 8-3528

Performing organization:
Wr. F.J. 'Bauer [I
U. S. Naval Station
Supply Fiscal Department
Data Processing Division
bauhington Navy Yard

I ~~~Washington, D.Tlpol
Telephone: (202 OX. 8-2530
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I 3.1.2-f LYQA1,, Lead Yard Quality Assurance Llsts

__ Technical Coverage: Shipbuilding and submarine maintenance quality-assurance

j data.

Mi asion and Description: To provide documiented evidence of compliance with
I quality-assurance requirements at the time of submarine-safe certification. The

system serves local shipyard quality-assurance personnel.

Status: Drawings with QA requirements lists are provided. Input equipment

includes an IBM 14010 computer system with magnetic tape as the storage medium.

Monthly reporting was refined to additions, deletions, and changes on 1 August 1966.

Growth: An interface-pipe-joint control system is now under study.

Contact:

Mr. R. Cramer
Port smouth Naval Shipyard
Portsmouth, New Hampshire 03801
Telephone: (207) 439-1000, Extension 852

Performing organization: Same as above.

3.1.28 CDL, Crack Data List

I Technical Coverage: Shipbuilding and Submarine Maintenance.

Mission and Description: To provide a systematic listing of all frame cracks r
located for repair during the overhaul of a submarine. The data serve local

V I shipyard personnel.
Status: Frame and crack number data are maintained In sequence on hand-

recorded feeder forms. Data are recorded by a tectniclan and tranuferred to

cards by a keypunch operator. Output equipment includes an 1331 124010 computer.] Size: Approximately 1,000 items are assembled In two groups of data.

Cotact
Mr. Stuart Chaplin
Portsmouth Naval Shipyardi]PortsmoUth, (New )Hampshire 03801
Telephone: (207) 439-1000, Extension 520

[] Performing organization: Same as above.

3.1.29 !WMS. Navy Uniform ftAnsemen~t Information SXatem

j] ~Technical Cov*era: Ordnance Maintenance

Mission and Descrlation? To implement a uniform flow of umnagemnt
information, utilising compatible ADP hardware and prop'..., betwee ordmwne

activities. The objectives also Include relieving management of routine and



quantitative decisions, and improving efficiency and effectiveness of management I
functions.

Contact:

Fleet Readiness and Training Group
Naval Ordnance Systems Command
Washington, D.C. 20360

Performing organizations:

MAD Bangor NTS Keyport
MAD Charleston NWS Concord

MAD Crane NAD Earle

MAD Hawthorne NAD McAlester
NAD Oahu NWS Seal Beach

NAD St. Jilian Creek NWS Yorktown
NO: korrest Park NAF Indianapolis
NPP Indian Head NOP Louisville

3.1.30 NODC, National Oceanographic Data Center

Technical Coverage: Physical, geological, and biological aspects of
oceanography and related environments.

Mission and Description; The NODC is primarily a central repository for
the Nation's oceanographic data. Part of its mission is to receive, compile,
process, and preserve oceanographic data for rapid retrieval; establish procedures
for ensuring that the accuracy and general quality of the incorporated data meet
the criteria established by the Advisory Board; and prepare data summaries,
tabulations, and atlases showing annual, seasonal, and monthly oceanographic
conditions. J I

Status: The Data Center is located at the Navy Yard Annex, Washington, D.C.,
and is a depository for data in all areas of oceanography -- physical, geological,
and biological -- and their related environments. Administered by the Naval

Oceanographic Office and sponsored Jointly by nine Federal organizations, it
functions as a national clearinghouse for oceanographic data. It prepares data
suraaries, tabulations, and atlases, showing annual, seasonal, and monthly oceano-

graphic conditions. The Center's Technical Library is available for use by all
interested individuals.

Contact:

Officer in Charge
U.S. Naval Oceanogrphic Office
Washington, D.C. 20390
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Pý 1-forrilini oriv;aAz z~L1011
Dr. Woodrow Jacobs, Dli~ector
National Oceanographic Data Centex,
Washington Navy Yard, Building 160Wainhingtcn, D.C. 20390
Telephone: (202) 698-3757

3.1.31 CPIA, Chemical Propulsion Information Agency

Technical C•,verage: Research, development, teat, and evaluation information

-rm chemical rockets,

Mission and Description: To acquire the information and data from Government-

[ uponoored programs in chemical propulsion technology; organize this information

and data in the publications useful to members of the rocket community, including
G, vernment organizations, industrial concerns, universities, institutes, Ernd

consultants working with chemical rocketry; disseminate chemical propulsion

information and data through meetings, briefings, consultations, and publications;

serve as a central source for chemical-propulsion contract information so that

duplication in Government-funded research and development programs can be minimized;

provide the Interagency Chemical Ro;cket Propulsion Group with status reports in

specific areas of research and development to aid managerial decisions; provide

technical data in response to inquiries from scientists and engineers engaged in

chemical-propulsion research and development.

Status: Performance calculations of selected existing or theoretical

chemicals, species, and combinations; chemical synthesie: combustion studies;

formulation of chemicals .nto solid or liquid propellant systems; physical

characterization of chemiuals and propellants; design of liquid rocket engines
j! and solid rocket motors; ground tests of chemical rockets; integration of chemical

rockets into flight vehicles and missiles; correlation of flight data and ground

test data.

Contacet:

Mr. John Murrin, RMMP
Naval Ordnance Systems Command
Washington, D.C. 20360

Performing organization-
Mr. Patrick J. Martin
Applied Phyhics Laboratory

Is V_1%The John* Hopkin& University8621 Georgia Avenue
Silver Sprins, Na ryland 20910
Telephone* (301) 589-1700, Eatenslon 560

U

U
K MW

-----• ... .



3.1.32 IIAC, Infrared Infonuation Analysis Center

Technical Coverage: Infrared physics and technology, including such areas

as solid-state physics, radiation physics and optics, infrared spectroscopy,

atmospheric phenomena, information processing, military infrared equipment, and

industrial and medical infrared. I
Mission and Description: To collect, analyze, and diamiate itfornatiun on

Infrared research and technology. The services include the publication of annotated T

bibliographies, state-of-the-art reports, the Proceedis of the jj fX3red4

Information Symposia, and a classified handbook on military infrared te. 'tology;

the sponsorship of symposia; and the provizion of library ard conriultatour

services.

The Infrared Information and Analysis Center was established at the Institute

of Science and Technology for the collection, analysis, and proper dissemination

of information about infrared research and technology with particular emphasis

on military technology. It is one phase of the research activity of the Infrared

Laboratory, In the Optics and Information Group. The Center employs scientists

and technicians who, with the rest of the personnel of the Infrared Laboratory,

form a team for the handling of infrared Information.

All Information -- classified and unclassified, published and unpublished

that will advance military infrared technology is collected. Particular attention

is given to the acquisitl "i of up-to-date contractor reports. The cooperation

of all agencies is sought ý ensure that no useful information is overlooked.

Status: Information Is analyzed for content and value and catalogued

according to the type of research or technology discussed. This enables IRIA to

provide contractors with the proper information about a specific development 7
or with evaluative surveys of broad trends of research and development.

This information is actively dlseme•inated to keep contractors in-formed of 0

the latest work. hIA follows the work of various contractors and, when possible, j
notifies them of reports that might be useful to them, It also notifies contrac-

tors of others engaged in similar work when such notification Is not prohibited.

Contract work is continuously monitored through study of project cards,

contact with military agencies, and direct association with contractors. As a

result, most reports are now received by IRIA directly from contractors. IRIA

attempts to receive new reports quickly and automatically In order to learn of

any now Infrared work and to obtain any special Information in the field.

When a report is first received In IRIA, It is briefly examined by the

supervisor or one of hiWe assistants, who generate notes about the report that

are put en library carde togvther with the report title and other pertinent

Information. Thase cards are filed and used later in the preparation of aus

Annotated Bibliography.
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.1 Following- this preliminary reading, the report is screened for assignment

to an i•ppropriate reviewer-analyst. It is his job to indicate the content of

"I the report by assigning category numbers and code words. He also evaluates the

infcrration ontent of the repcrt and assigns a number to indicate what type of
report it is -- experimental, theoretical, administrative, etc. The IRIA

category numbers are part of a classification system that divides infrared york

into ten categories and each of these categories into ten subcategories, and

then subdivides these by ten once again. Thus there are lZQC numbers available

!'or the classification of information. Up to three of these three-digit numbers

can be used by the reviewer to specify the eontents of the report. A large

- number of four-letter code words Is also available to him to define the sobject

matter further. These words (e.g., SCAN, which represents scanner; ATM0,

a~mosphere; IIIV for three-flve compounds) are quite distinct from the numbers

=- " and are used quite independently to identify specific data. The report is eval-

-. uated on a scale of one to five (from valuable new contribution to marginal

reading for a few researchers), and one of seven "report type numbers" is assigned.

This Information, together vith identifying information (date, author,

corporate authox, contract, cognizant agency, etc.), Is then punched on the IBM

card for rapid retrieval.

Thi6 analysis operation cnables IRIA to prepare Annotated Bibliographies,

Subject Bibliographies, and Sta~te-of-the--Art Reports.. and to provide library

consultation service. The Annotated Bibliography consists of a compilation in

report form of the library cards, produced by the scanning operation, organized

according to the IRIA cataloging system. It is a quarterly publication Including

information about the reports received during the most recent quarter. The first

of these was published in January 1957.

I i Subject 1Ubliographies are prepared on special request and are sent only

to the applicant. Reports pertinent to the contractor's interest are selected

* from the information on the IBM cards. A bibliography Is prepared from these

. cards and sent to the requester; the responsibility for obtaining the reports

listed is left with the contractor.

1 If such a Subject Bibliography Is not sufficient for some reason, the user

may desire to visit IRIA. The fields of interest of the contractor are decided

by the authorized need-to-know of the visitor and by consultation with the IRIA

staff. IBM techniques are used to locate reports pertinent to the particular

research or develogm•nt problem, and the reviewers are available for discussion
W on topics relating to their fields of interest and the research of the contractor.

ZM cannot laend doecaents from its holdings to anyone on any basis.U1

I•s

* _ _ _ _ _ _ ~



The dissemination of IRIA Information is intended to be a;, broad as security

conuiderations warrant. In all cases, requests for Information must fIrst be

aathorized by the applicant's contracting officer and verified by the IRIA1

contracting officer. Contractor visits are based on the usual security procedures

(including an authorized need-to-know), and reports on specific fields are made

available only after authorization has been demonstrated.

The IlIA method of document classification provides an automatic system for •

adhering to the intent of the security regulation as well as to the letter. It

ensures that contractors receive all the information they need to do the Job,

but only that information. Regardless of title. cortract, or author, the IRIA

user receives only those reports the contents of which are pertinent to his work.

In addition to security regulations IRIA is cognizant of proprietary rights.

All information so designated is handled with discretion. Only authorized
Government personnel are allowed access to proprietary information unless prior

approval has been granted.

Contact:

Mr. F.B. Iaakson
Physics Branch, Code 421
Office of Naval Research
Washington, D.C. 20360

MWi

Requests for inclusion on the distribution list for IRIA reports should

be addressed to:

Mr. T.B. Dowd U
Office of Naval Research a
Boston Branch Office
495 Sumner Street
Boston, Massachusetts

Perforang oMani zation:

rt. William Wolfe, Director I3iA
Institute of Science and Technology
The Un•versity of Michigan
P.O. Box 618
Ann Arbor, Michigan 48107
Telephone: (313) 483-0500, Extension 281

3.1.33 NSD-Phila_, N4evl Supply Depot -- Philadelphia

Services:

This data source Permits automatic retrieval of DOD and federal apecifications,

standards, and related publications such am handbooks. Federal ag6encie and

industry contraotora draw information from this file of 57,000 docments at the a

rate of 9,000 requests per day. The primary Input information Ia derived from

the Denpartast of Defense, and the output is in the form of hard copies.
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typed on Fiexowriter-output typed copy; (2) paper tape is used to produce weekly

accession list; (3) new continuous tape is produced for Mathematics Department
-ontaining descriptive catalog Infrormation; and (4) paper tape is t~ransferred 2

to magnetic tape for title program.

Status: Searches can be done by subject, corporate author, date of report,

security classification, restricted-data category, and proprietary information.

Outputs Include: Report Identification number, security classification,

date of report, coded corporate entry, the first four most important terms

related to the report, and bibliographic identification by corporate author,

title, date, series, and contract. -7

Size and Rate of Growth: 72,000 at present, with an annual rate of increase

of 8,000. Approximately $30,000 in book catalogs are among the planned additions. - "

It is also planned to add $75,000 in an expansion to provide full bibliographic

information not available at present on the computer. Completion dates are not

known.

Contact :
Eva Liberman, Chief t

Library Division, Code 194
U.S. Naval Ordnance Laboratory
"hite Oak, Maryland 20910
Telephone: (301) 495-7550, Extension 550

3.1.36 Document Informalon Retrieval

Services; Information storage and retrieval of books, documents, technical

reports, and other reference material for scientific and professional personnel.

ganization.: The Input equipment Includes I=E Dooument Writing System

No. 870, Key-Puncher with matrix, and output typewriter. Storage is on magnetic

tape, with an IME 7030 search computer. Output Is In the form of descriptive

catalogs, abstracts, and natural descriptors.

Status: The system Is fully operational to serve the needs of personnel

* at the Naval Weapons Laboratory. j
Size wad Rate of Growth: Current size is 33,000; 30,000 additional to

be Included as older reference material Is mocrofilmed and indexed on contract.

Normal rate of growth Is 10 percent per Year. L

Cathryn Lyon, Library.
U.S. Naval Weapovs Laboratory

Te".o a-: 33 , .X"eWson 603
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3.1.37 SM' Technical Library Index Control System

ZULv1C-): Rapid storage and retrieval of SM15 technical Information and i
dccwumenttatin for Srips tzisclle Systems terihrical personnel, if

Organization: The master file Is maintained in accession number sequence,

with one full-time clerk filling out loading forms at the rate of 60 documents

per day. Inputs are card-punched, with storage on magnetic tape.

Status: Two clerks search output listings for accession number of document

requested and deliver o the customer. An IBM 705 and IBM 1401 produce the

accession keyword and eport-number listings.

Size and RIte of Growth: Present size is 63,386 documents, with 14,500

documents Incoming anncally and 5,500 outgoing annually. It is planned to

convert to the IBM 360 Mod 4C system during 1966-67.

Contact:

Mr. A. Vasques
USNSMSES, Code 4340
Pcrt Hueneme California 93040
Telephone: (405) 487-15ll, Extension 350

3.1.38 PROJECT SHRAPP Automated Library :nformation Storage and

Retri.eval System

Technical Coverage: Marine engineering and ship maintenance.

Mission and Description: To provide a technical information storage and

retrieval system to support marine engineering and scientific command programs,

and to provide ship-maintenance data to serve working-level technical and

engineering personnel.

Status: The system provides multiple usage of basic information, identifies

technical documents relating to Command Projects, and determines available
documentation pertaining to specific subjects of NAVSKCFSYSCON cognizance and
interests. Development started In 1961; the system is scheduled for operation
in December 196C.

Size and Rate of Growth: The total collection of data to be converted

Is 210,000 documents. Approximately 15,000 documents have been converted to

data processing and are retrievable by subject-information and descriptive
data. Annual rate of growth is 15,000 documents.

Contact:
Nr. J.J. Nliolaus, Code 2021
Naval Ship Systems Command
Technical Library, Ships-2021
Washington, D.C. 20360

Telephne: (202) ox. 6-5765

I



I'

Performing organization;

Mr. Gilbert Gray, Code 880
Applied Mathematics Laboratory
Davd Taylor Model Basin
earderock, Maryland 20007
Telephone: (202) 365-2600, Extension 766

3.1.39 Navy Librarle, Genezal

The Navy libraries referancad in the preceding sections ccver only a

limited range of library locations and services.

Other libraries and data centers are located throughout the Navy. They may

be contacted directly for information at local bases, shipyards, and stations
for further information. For an overall listing, write to: Head, Scientific

and Technical Xnfo-znation, Office of Chief of Naval Research, Department of

the Navy, Waatdngton, D.C., 20360.

I
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I 3.2 U. S. Air Fnrce Sources

3.2.1 AFOAR, Air Force Office of Aerospace Research

Teehnieal Coverage: Engineering and scientific Information applicable to
aerospace technology.

Mission and Description: The Office of Aerospace Research plans and manages

the Air Force basic-research program and certain portions of the applied research

program hai±ng broad applications of potential value to the Air Force in the

design and development of aerospace systems. Research is carried out either in

laboratories administered by the Office of Aerospace Research or by contracts

and grants with universities and industrial and nonprofit research organizations

throughout the world.

Three units of the Office of Aerospace Research are described separately in

Sections 2, 3, and 4, respectively, of this appendix: the Air Force Office of
Scientific Research, the Air Force Cambridge Research Laboratories, and the

Aeronautical Research Laboratories. A fourth unit, the European Office, OAR,

Brussels, Belgium, monitors basic research abroad as an agent for the other OAR

units.

3.2.1.1 Basic Research

3.2.1.1.1 Propulsion

Energy is the common denominator in the OAR propulsion research program.

Subjects have been arranged accordingly into four categories:

} (1) Enprv SAoure a: High-energy chemical bonds (dissociation, ionization,

-flkiaimsof free-radical; formation, concentration,. stabilzation,'
storage of metastable compounds); properties of energy sources (lifetimes,LI density, release, structure, activation, corrosivity, additives, Inhib-
itors, catalysts); thermodynamics and thermophysloal data; nuclear energy

(reaction energy, forms of released energy, types of radiation emitted.,U reaction cross-sections, reaction products); electroma•getic energy
(radiation field of the sun, magnetic and gravitational fields of the

j- earth, fields for accelerating Ions ad plasum).

(2) tune Release ad ?ransfrm~ation: mecro-structure orflowns; high-
temeerature chemical kinetics and equilibria; stability of flmes; ip4-

tion and extinction limits; detonatians; catalysis; release of nuclear

61

•- .
- - - - - - - - - - - - - - - - - - - - - - -. .. . . . . . . . .



energy; solar energy; electromagnetic and particulate bombardment of the '
upper atmosphere; distribution of ions, atoms, and free radicals in the

earth's atmosphere; interaction of electromagnetic radiation with matter

in the short ultraviolet region; absorption characteristics of solids -

and gases; photochemical and photoelectric effects in the short wave-

length regions. a

(3) Conversion to Useful Work; Photomechanical propulsion utilizing electro-

magnetic radiation; magneto-mechanical propulsion utilizing magnetic I
fields ajacent to heavenly bodies; electromechanical propulsion and

its applicability to electric motors and the electric-gun type of rocket

engine; ionic and plasma propulsion; other unconventional energy con-

verters (closed-cycle heat engines, compression and expansion of new

working substances, thermoelectric motors).

Theoretical and Experimental Techniques: Mathematical techniques for theory

design of propulsion systems; new mathematical methods for machine solution of a1
partial differential equations and for data reduction; research leading to the

development of test facilities for use in the areas of hypersonic simulation, gas

dynamics, energy-release processes, heat transfer in nuclear reactors, high-

temperature physics, ionic processes, and nuclear reactor processes.

3.2.1.1.2 Materials .1
OAR materials research relates to the structure and energy relationships of

matter and their correlation to physical, chemical, and mechanical properties.

There are four major subdivisions: I
(1) Internal Structures and Properties of Matter: Effects of subatomic,

atomic, crystalline, or amorphous structures on properties of structures

and structure atabilization; changes in structure with time, temperature, I
pressure, and radiation; mechanics of fatigue, strength, plastic flow,

and fracture; thermal instability; nuclear radiation resistance; effects

of impurit'es on magnetic and electrical properties.

r (2) Structure s-t u and Prr rtles of Interxas: Atomic and molecular Inter-

actions; homogeneous and heterogeneous reactions of species; aggregates I
of species in Sas, liquid, aid solid phases; theories of alloys, ceramics,

solid solutions, intermediate phases, and compounds; ductile ad shock-

resistant ceramic and transparent materials; relationship of the ntel

face to creep, brittleness, fracture, and strength of macroscopic speci-

mensi mechanisms of catalyls, adhesion, aid corrosion.

(3) 2rESh9 ,L Synthetc I: Crystal latices with predetermined imper-

fecticom; synthesis of complex structuras (such as silicate mnd proteli

structures); ue* of extreme pressures, temperatures, or radiation to

effect subatomic, atomic• aind molecular combinations.
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00() Theoretical, and Experimental Techniques: Trace quantity analysis;

determination of atomic or molecular arrangements; quantitative charac-

terization of imperfections in crystals; methods for investigating

j physical and chemical structure of surfaces; preparation of pure mate-

rials; methods for attaining uncommon experimental conditions (extremely

high temperatures, pressures, etc.)

3.2.1.1.3 Electronics

OAR electronics research is oriented to new technologies rather than to the
enhancement of existing technologies. The program is divided Into four broad

areas:

S(1) Particle Physics: Ion and electron ballistics (generation, detection,

control, and instrumentation); basic emission phenomena (photo, field,

ionic, thermionic, and secondary emissions); photoconductivity; gaseous

electronics; plasma dynamics (magnetohydrodynamics of plasma growth,

propagation, and oscillation).

(2) Interaction of Fields and Matter: Energy generation, detection, and

control; atomic, molecular, and nuclear resonance generated by nuclear

spin relaxation phenomena, plasma oscillation phenomena, and molecular

oscillators; quantum transition effects in solids and gases; particle

beam-wave interactions; interactions of part',le beams with periodic

structures as a source of energy; crystal structures (stability, optimi-

zation, effects of temperature and nuclear radiation, physics of imper-

fections).

(3) Transfer of Electromagnetic Energy: Sporadic E effects and meteoric

streams; disturbance predictions; emission or absorption phenomena of
gases in and above the atmosphere; transmission to vehicles traveling

* at Mach 10 and above; generation of radiation from high-velocity gases;

exospheric scatter; lithospheric-layer propagation; high-altitude3• scatter; refraction and scintillation; propagation and radiation

research in the m. and sub-n. wave region;s atmosphefle attentuatlon

research in the region between microwaves and infrared radiation;

Selectromagnetic diffraction; microwave optics; synthesis of shaped

antenna patterns; lens systems (geodesic types, three-dimensional

lattices, reflector optics).

(4) lromation n Sc le ces: Information systems resear•h; biophysleal Infor-

mation systems; concepts of machine orgmnisationi artificial Intelligenee;
information extraction -Ad classification; transmision of Information;

language and linguistic research; electronic teokdwae fow Inforation

a systems.
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3.2.1.1.4 Geophysics

OAR investigates not only terrestrial phenomena but the interactions of

related solar and universal phenomena. There are five subject areas:

(1) Planeta Studies: Elastic wave theory; geodesy; nature of gravity and
geomagnetism; geology; geomorphology; glaciology; seismology (wave
propagation, disturbances, microseisms, instrumentation, data and signal
analysis and display); arotic exploration. I

(2) Lower Atmosghere. Hydrodynamical variables, chemical composition;
trace elements and contaminants; electric field and phenomena; optical
properties and visibility factors; coefficients of electromagnetic propa- I
gation (reflecttvity, absorption, scattering); hydrometeors; turbulence.

(3) UpPer Atmosphere- Particle and radiation-induced chemical reactions; I
photochemictry; magnetohydrodynamics; collision reactions; aurorae and
airglow; ionospheric physics; cosmic rays; meteor physics; ion rings;

whistlers; radiation and material transport processes; energy balance I
and storage; chemical structure of the atmuspheric layers.

(4) Space Environment: Astrophysics; astronomy; solar studies; celestial
mechanics; extraterrestrial radiation throughout the electromagnetic
spectrum (sources, causes, energies involved, spatial distribution);

composition; physical properties, and distribution of matter in inter-
planetary and interstellar space (electrons, mesons, nuclei, ions,
neutral gases, dust particles, meteorites, asteroids, plants, and
stars); gravitational, electric, and magnetic fields throughout the
universe.

(5) Experimental and Theoretical Techniques: Instrumentation for measuring
radiation through the entire electromagnetic spectrum and for measuring
particle distribution and energy levels of radiation in the transition
region; laboratory synthesis of environmental parameters; use of scaled
models; space platforms; balloon research.

3.2.1.1.5 Life Sciences

Six major subject areas can be Identified in OAR inter-disciplinary studies

in the life sciences:

(1) Molecular and Cellular. olo l: Formation and Interaction of molecular
species; regulatlon of cellular processes; energy transformation; struc-

ture and coding In DNA and RNA; photosynthesis.
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I(L) Biological Organizatlon: Cellular specialization and differentiation;
structure and function of' chromosomes; nature and mode of action of
RNA for storage and retrieval of information; effects of stress on

structure and function of various organs and ticcues.

(3) Integrative and Regulatory Functions: Interrelationship of nervous and

endocrine factors; basic homeostatic mechanisms; adaptive and regulatory
processes and mechanisms; metabolic and catabolic role of enzymes; cir-Sculatory processes; logic and theory of neral network switching and

r multiplexing; reflexes and feedback systems; random redundant processes;
sensing and transducer mechanisms; specificity of stimuli.

I (4) Complex Higher-Order Functions: Learning, pattern recognition, informa-
tion processing, storage and retrieval, concept formation, problem
solving, decision-making.

(5) Individual and Group Performance and Behavior: Psychochemical, psycho-

physical, and psychological research in mechanisms and processes govern-

Ing intellectual capacity, motor performance, individual and group
oehavior, personality structure, motivation, and emotional states;"! ~optimum performance in stressful environments.

(6) Theoretical and Experimental Teuhniaues: High-capacity-computer analysisii of complex functions and interactions of living systems; refined obeer-

vational devices for the study of cellular components.

3.4-.1.1.6 Aeromechanics
OAR research in aeromechanics is designed to solve the technical problems

involved in missile and space vehicle development. It demands the use of many
j diverse disciplines, some of which are not usually considerid a part of aeromechan-

Ics proper. There are three majir subject areas:

S(1) Ls0rtiea of the. Flow Field: Cosmic aerodynamics; magnetohydrocynaics;

flasm wsco; noa-NevtoeieI flow aurflen-ga Istofneftonst acopressaible
flowc; visco-ecopressible flow; sllp-flows; free-molecule flows; flows

involving free surfaces; nonhomogewous flows; properties of the medium;
classical hydrodynmics tuand thermodynamies (invIsoid flow, viscous flow,
turbulence, unsteady flow, boundary layer. transport phenomena).

(2) Mechanics of Flimht: Aerodynamic theory, internal art external;

airloads, gusts, and blast effects; flutters, asroeastiity, thermo-

ela[ticit, and visoelesticityl hig-ee aeroth•erm ynaici at gaedynamica boundar-w-layer trwltion skin friction and heat trmsfer!

shock-wave boundor layer interaotias sedynamio namlee aeerodamlc

and thermal conalderations sasoclated with high-speed rotating mabisry;J
stability control and structural problems ar•sing from heatig, slalp-

Sflow, free-molecule flow, and real gas interactims; imact ad er4osin.
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(3) _fxelrimental and Theoretical Techniquest Free-flight vehicles; captive

test vehicles; wind tunnels; flow simulation; model studies; loading of

structures under varying environmental conditions; instrumentation;

applications of mathematical and computer techniques and statistical

theory.

3.2.1.2 Applied Research

3.2.1.2.1 Nuclear Weapon Effects

OAR research in this area lo aimed at obtaining information on the output of

nuclear explosions; interaction of such output with any environment; the response,

protection, and recovery of representative targets (including human targets);

nuclear weapon phenomena; vulnerability of warheads and aerospace vehicles to A
nuclear effects; effects of thermal radiation; atmospheric distribution of bomb

debris; and nuolear radiation hazards.

3.2.1.2.2 Nuclear Applications

OAR research in nuclear applications includes: technology for integrating

nuclear munitions into Air Force weapons system, with emphasis on improved safety

and reliability; improvement and development of new radiation instrumentation;

studies and analyses of contemporary and advanced weapon systems with nuclear

capabilities.

3.2.1.2.3 Aerospace Environment j
OAR's esrospace environment progra is concerned with subjects that contribute

to the knowledge of the Air Force's operating environment so that It can be pre-

dicted or controlled. In addition to the basic research subjects, subjects of OAR

research in this field include programaing techniques and procedures for use with

large-scale computers for analysis and reduction of data from balloon, rocket, and T

satellite experiments concerning the physical and chemical composition of the upper .

atmosphere; aircraft, rocket, and satellite measuring systems for obtaining geodetic

and gravity data bearing on naviguidsnce; techniques of studying terrestrial envi- 1
ronments (particularly the Arctic) applicable to lunar and planetary composition Jj
studies; the earth'sa maetic field within and beyn! the mapntospkere; structure

of the ozone laysr, routine measurements of Its variablllty, and its role In radi-
ation balance and "explosive warnings."

Subjects of meteorological interest include techniques and sensors to

measure variability of meteorological elements up to 400,000 feet; statistical

and mathematical models for plotting time and space distribution of meteorologl-

cal elements from the surface of the earth to the outer fringes of the atmos-
priers; weather prediction techniques; radar techniques for observing clouds and

storms; satellite meteorology (use of satellite pictures for tropical analysis

end forecasting, high-speed analog rectification devices for cloud pictufes); 9

66

_;- ...... O..R
--. : :



3 techniques for simple weather data extraction -and rend-out capahility for air

weather stations; theoretical and laboratory models for investigating fluctua-
tiona in general circulation; effects of solar variability on tropospheric cir-

zulitions; prediction of stratospheric circulations.

3.C.1~.3 Technictl Information Policies

OAR research Information is almost exclusively unclassified, and policies

concerning its dicsemination are extremely liberal. In reporting projects that

a! involve classified sublect matter, contractors are urged to exclude all unneces-
Ssary classified information in order to promote the W4d4et possible distribution

of the report. An exception to this rule is the preparation of reports of

* •research supported by the Advanced Research Projects Agency of the Department of

Defense. All such reports are published by that agency and are subject to its

S-, policies.

Office of Aerospace Research policies regarding the publication of research

findings vary. The AIr Force Office of Scientific Research waives the prepara-

£ tion of interim and final reports of projects in favor of Journal publication.

The Air Force Cambridge Research Laboratories use technical documentary reports

S- for formal presentation of all project results but encourage eventual publication

Sjof these reports, in whole or in part, as articles in scientific or technical

journals. The Aeronautical Research Laboratories normally report In-touse -ind

"contracted research findings as journal articles, although some efforts, particu-

larly in the engineering sciences, are printed only as technical documentary

reports; reprints of ARL journal articles are issued also as technical documen-
"• ~tary reports in order to incorporate them Into the Armed Services Technical

Information Agency program for announcing research results to the defense commnun-

ity, Page charges levied by some scientific Journals are chargeable to research

funds Ln accordance with Federal policy.

Contact:

Director of Research Programs (OAR)
U. S. Air Force Office of Aerospace Research
Building Tempo D
Fourth aM •Lde•pndenee Ste., S.W.
Washington, D.C.

3.2.2 AP•OSR, Air Force Office of Scientific Research

IN Technicea Cover!e= Engineerin, chemical, physical and mathematical

sciences. Life aod Informaton Oceences ie f research ana hsis.

SMi~ssln Wd DscrIution: The Air Force Otic-! of Scientific Research, located

at the Office of Aeros pace Rsearch hoad, urers In Washington, D.C., monitors

between 1,100 mid ,200 basicesearch contrcts &M grants in the United States,

S h Ard other aea not serviced by OAR's
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European Office. In addition, AFOSR supports research and abstracting journals
and services, maintains the library at OAR/AFOSR headquarters, sponsors a program

of information research, and provides support to a number of scientific meetings 9
each year. £

Research spornsored by the Air Force Office of Scientific Research originates

In unsolicited proposals, which are evaluated in terms of originn1ity, investigator 4
.-"tenee, and AF requirements. The decislun to Investigate a proposed project

may be made by the stafr or by one of the seven advisory committees, composed of

10 to 15 distinguished non-Air Force scientists. Research results are evaluated I
in terms of Air Force needs, and investigations of promising areas are conducted

to determine the feasibility of military applicatlon.

Contracts and grants are monitored by seven Directorates, each of which

detenines arees to be emphasized within its ma,,or sub.!eŽt field and is responsible

for orienting the scientific community to Its respective needs.

Status of Directorates:

(1) The Directorate of Engineering Sciences manages a program designed to

meet the higher-speed longer-range requirements of hypersonic flight.

The Directorate's Mechanics Dtvision sponsors studies on the character-

istics of aircraft and space vehicles in new flight regimes and on prob-

lems posed by radical new vehicle configurations. The Propulsion

Division investigates the mecha.,isms by which chamical or molecular

energy is transformed into thermal energy. Research in nonconventional

methods of energy transformation is encouraged.

(2) The Directorate of Chemical Sciences gives priority to projects that
combine an experimental and theoretical approach with general applica-

tility. Principal fields of investigation are surface chemistry and

catalysis, theory of chemical binding and intermolecular forces, chemi-

cal kinetics and thermodynamics, high-temperature and high-pr-essure

chemistry, energy-matter relationships, nuclear chemistry, and photo-

chemlistry, including the production of ions, free radicals, active

atoms, and excited molecules. j

(3) The Directorate of Life Sciences monitors a greatly expanded research

program to meet the challenge of space flight. Studies of the struc-

ture, composition, and function of living organisms are the b%ses of

new concepts in the improvement o• human performance and the design of

Improved military systems. The Biological 3ciences Division concen-

trates on poysiology, molecular biology, and biophysics; the Behavioral 68
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Zciences Division oil group dynaacla, hf.tergroup relatlona, cultural
anthropology, physiological psychology, sociology, and the behaviora!
aspects of military intelligence and strategic planming.

(4) The Directorate of Mathematical Sciences develops techniques that can
be used in other Air Force basic research. The Mathematics Division

monitors contracts in theoretical mathematics. The Applied Mathemacics

Divislor. sponsors research in numerical and computational analysis,
physical apllcations of r&thematics, and applications of mathematics
to logistics, operations analysis, control systeMS, and biology.

(5) The Directorate of Physical Sciences consists of four Divislons:

(a) General Physics Division

(b) Nuclear Physics Division

(c) Solid State Scienles Division

(d) Geophysics Division

(6) The Directorate of Information Sciences has two divisions. The Informa-
tion Research Division nonitor- the principal Air Force basic research
program in the information sciences, comprising such areas as informa-

tion systems, biophysical Information systems, machine organization,
artificial intelligence, information extraction and classification,
information transmission, and language and linguistics. T*e-* Technical
Information Division has operating responsibility for the Headquarters
library and for reports control.

(7) The Directorate of Research Analysis is located at Holloman Air Force
Base, New Mexico. Although it is an operational organization of the
Air Force Office of Scientific Research, this Directorate performs most
of its work for the Air Force Systems Command. It c-nalyzes and synthe-
sizes hypothetical and future weapons systems and makes recoamendat ions
concerning the technical validity# operational effectiveness# and pro-
gram feasibility of proposed weapons systems.

Contact:

Reseach Director
U.S. Air Force Office of Scientific Research
Building Tempo D
Fouwth and Independent Streets, S.W.

I Wahingtom, D.C.

U
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3.;.3 APMRL, Air Force Cambridge Research LoItoratorles

Technical Coverage: Electronics and geophysical ret.earch Information.

Des.oription and Miesion- The Air Force Cambridge Revearch Laboratories is

the Air rvrce center for research In electronics and geophysics. The Laboratories

monitor approximately 700 contracts In direzt swppom of their in-house research

programa.

-In -44ltion to support from the Air F'ree Offite of ScientifIc Raeuearch, the

Air Force Cambridge Research Laboratories receive research support from other

Government agencies, notably the Electronic Systems Division of the Air Force

Systems Command, from the Advanced Research Projects Agency of the Department of

Defense, and lesser amounts from such military and civilian agencit.s as the

Defense Atomic Support Agency and the National Science Foundation.

The present staff numbers over 1,100, of whom approximately two-thl-rds are

scientific personnel. In addition to 1r laboratories, numerous field sites are

maintained in the Arctic and elsewhere for projects in communications, electro-

magnetic wave propagation, weather observation, radar, and radloastronomy.

Slightly more than half of APCRL's work is in basic research. The work of *

the laboratories Is about evenly divided between electronics and the geoastro-

physical sciences. Seven of the '5 laboratories at Hanscom Field are under the

jurisdiction of AP(RL's Electronics Research Directorate. Eight laboratories and

the solar observatory are directly responsible to the Geophysical Research.*

Directorate.j

Status: The Electronics Research Directorate evolved from the Cambridge

Field Station, which was staffed largely by scientists who had engaged In elec-
tronics research during World War II at the MIT Radiation Laboratory and at Harvard's

Radio Research Laboratory. Many of the large command and control systems that are r s
now an Important part of the national defense program. had their In.eption in proj-J j
eca conceived and carried out by this group of scientists In the late 1940's and

early 1950'.. Research projects of the present Electronics Research Directorate

ane conducted and monitored by one of the seven following laboratories:

(1) The Computer and mathematical Sciences Laboratory, In additio~n to its .

work in mathematics and computation, conducts research in computer prin-

ciples and techniques, in data-processing techniques, and in the analy-

al and evaluation of real and simulated data. Computer research relates
to the improvement of conventional computers and to new concepts In com-

puter design. Sveral oontrscts are devoted to microminiaturization of

computer elements. Current projects include the development of eltra-

70 1
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.- llable performance in computer networks and inveatig.,tions of animalH ; neural systems.

(2) The Electronic Materials Sciences Laboratory is .oncerned with the cre-

ation of new electronic materials and with the improvement of existing

tnaterials. Emphasis is on solld-state physics and chemistry; this is
the largest single research endeavor at the Air Force Cambridge Research
Laboratories. Currently under study is the use of aemiconductors to
transform hest to electrical power to heat or cold. Radiochemistry
projects emphasize the analysis of materials by radlochemical techniques

and the preparation of ultra-pure materials. There is also a plasma
"program involving the study of natural plasmas and the generation of

plasmas for analysis of their thermal and electrical properties.

(3) The E.ectromagnetIc Radiation Laboratory conducts studies in microwave
physics and electromagnetic theory. There is applied research on air-
craft, missile, and space-vehicle antennas, with applications for bomb-
ing reconnaissance, nnuigation, and communications. Radiation and reflec-
tion studies yield novel antennas and antenna scanning systems of poten-
tial value to the Air Force, with emphasis on missile detection and space

communications. There is research on the plasma sheath and its effect
on communications and detection, and on techniques for the transmittal
of guidance information during missile re-entry.

(4) TVe Astrosurveillance Sciences Laboratory performs research on techniques
for the collection of data on objects and phenomena above the surface

of the earth, and on data processing for the recognition and threat* Ievaluation of such objects. Problems under analysis include missile

detection, decision theory, and the feasibility of concepts and techniques

used in typical air and space situations.

(5) The Propagation Sciences Laboratory studies terrestrial and extra-
terrestrial emission and propagation of electromagnetic waves. Its

studies are directed toward the acquisition of knowledge required for
the design of now and improved electronic equipment in terrestrial,
aeronautical, and astronautical environments. Studies in radio-
astronomy include radiation from stellar, solar, and interstellar
source& and their application to problems of guidance and control. The

SRadioastrorimy Branch operates the 84- and 150-foot radioteleseopes at
Sagamore Hill, Hamilton, Massachusetts. Studies are also made of the
effect of propagation of the aurora, of seasonal variations In the
ionosphere, and of radio waves rmflected from meteor Ionization trials.

Special studies include the interaction of radio waves and plasma andI ~ the propagationi effects eassoeiated with nuclear detonations.

10 71
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(6) The Communication Sciences Laboratory directs its rese-rch and develop-

ment effort toward the improvement of AF communications systems and I
toward new concepts of communications in both terrestrial and extra-

terrestrial enirorments. Experimental work is conducted on techniques

of signal generation, modulation, transmission, and detection, on tech-

niques for compressing information in audible and visible form for more

secure and more reliable transmission in terrestrial and extraterrestrial

environments, and on the feasibility of satellite communication systems

"and- oth•er long-range 3sytems with low susceptibility to Interference

and Jamming. 3
(7) The Instrumentation and General Engineering Laboratory provides con-

sultative and technical services (design, fabrication, measurement, and

field work) in mechanical, electronic, and instrumentation engineering. I
The laboratory also aupports the directorate's in-house and contractural

program with data-reduction and processing services, including computer

maintenance and operation, programming, and related functions.

The Geophysical Research Directorate, the largest unified research effort of

its kind in the Department of Defense, supervirses b.alc and applied research in I
almost every branch of the atmospheric and terrestrial sciences and in astronomy

and astrophysics. More than 40 research rockets and satellites carry AFCRL instru- 3
ments aloft each year to investigate the upper atmosphere and to study the phenom-

ena and characteristics of space. Research is monitored or conducted by eight

research laboratories located at Hanscom Field and by the Sacramento Peak Observa-

tory. The program of each of these organizational units is described separately•

below.

Photochemistry Laboratory. This laboratory conducts experiments, largely by

the use of research rockets, on the physics and chemistry of the upper atmosphere.
Experiments range from investigations into the structure of atmosphereic molecules I •
to the controlled release of chemicals at high altitude to study the fundamental

mechanics of atmospheric perturbations. Areas of interest include spectrometric

*bservations of visible missile trails, the development of micrometeorite detec-

tors, the electrical structure of the upper atmosphere, airglow, the measure- I
ment of extreme ultraviolet solar radiation, and thermal energy conver-

sion for use in satellites and space vehicles. Research into aerospace composi-

tion involves the development of a model atmosphere up to 1,000 kilometers.

Thermal Radiation Laboratory. This laboratory is primarily interested in

atmospheric thermal radiation effects, as distinguished from effects caused by

nuclear radiation and by the transient processes involved in photoehemical reac-

tions. Radiation studies range from far-infrared, infrared, nea&-infrared, visl-

ble, and near-ultraviolet, to the intense ultraviolet radiation associated with
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3 nuclear fireballs. The analysis of radiative properties of nuclear bursts neces-

sitates fundamental studies of fireball physics and magnetohydrodynamics. There

is also a substantial program for investigating plasmas. The laboratory develops

equipment for balloon-borne measurements of sky brightness and visibility, such

as biaxial pointing control systems.

Research Instrumentation Laboratory. Formed in 1961 from the former Space
. Flight Physics Laboratory and the Balloon Development Laboratory, this laboratory

conducts instrumented flights, using balloons, rockets, and satellites, and ene-

SAi lyzes tihe data thus obtained. Studlesk relate to geodesy, space gravitational

fields, non-nuclear blast effects at high altitudes, sate.lite orbit analysis,

constant-density altitutude observations, origin of tekt.tes, and moon and planet

characteristics. Among the devices and instruments developed by this laboratory

are nose-cone sensing devices for rockets, airborne gravity instrumentation sys-

- te:ns, telescopic scintillometers, and control systems for balloon-flight termin-
& ation, command ballasting, and data transmission. The laboratory is responsible
i for the design, development, and testing of balloons and balloon-borne equipment

for the Air Force, and maintain.- facilities at Chico, California, and at Holloman
Air Force Base, New Mexico, for balloon launching, tracking, and control.

Atmospheric Circulations isboratory. This laboratory sponsors an upper-

atmosphere cfrculation program that includes the collection of data through the

analysis ef radioactive and stable aerosols and the measurement of atmospheric

Sozone content, and a boundary-layer program that utilizes models to simulate the

effects of the earth's surface on atmospheric circulation. The laboratory develops

techniques and methods for interpreting the datt produced by meteorological satel-

lites and makes the data available for operational analysis. Complementing these

primary stucies are studies in natural and artificial radioactivity, such as atmos-

pheric dissemination of bomb debris, distribution analysis of cosmic-ray spal-

lation products, radiation fog, and the effect of atmospheric diffusion on the

design and operation of nuclear power plants.

Terrestrial Sciences Laboratory. This laboratory performs research in

seismology, atmospheric acoustics, geology, glaciology, oceanography, and hydrology.
There are special programs in Arctic Ocean research and Arctic lake analysis.

Since 1952 the laboratory has sponsored a scientific program on drifting ice sta-

tions in tie Arctic, where data are collected on micrometeorology, oceanography,

gravity, magnetics, and ice physics. There Is a large program on ice engineering,

which involves alloying of ice to increase its strength, techniques of flooding

ice surfaces to produce accelerated growth, and methods of producing airstrips

from compacted, finely ground ice particles. The laboratory is responsible for

seismological studies leading to the detection and identification of underground

nuclear explosions and the identification and analysis of air pressure waves.
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Ionospheric Physics Laboratory. This facility has programs in auroral physics,

ionospheric characteristics, cosmic radiation, and geomagnetism. Rocket nose cones

are used to obtain data on ionospheric characteristics. I addition to direct
probes, there is a program for investigating ionospheric phenomena from an aircraft

laboratory. Current plans for magnetic research include plans for flying magnetom-

eters on a series of satellites in orbits from 300 to 3000 miles to determine spa-

tial distribution of the field. There are additional programs In celestial mechan-

ics (research and instrumentation) and in the evaluation of radiation effect3 for

space-biomedical purposes.

Aerophysics Laboratory. This laboratory studies the basic principles and -

mechanisms behind the formation, growth, precipitation, and dissipation of typical

cloud systems in the free atmosphere. Its long-range objective is to obtain a

detailed knowledge of these mechanisms that will form the basis for understanding

cloud systems composed of aerosols other than water and will enlarge knowledge of

the fog and cloud covers of other planets. Current work includes radar research

(kinematic relations between wind and water distribution, identification of thunder-

storms and hail, development of equipment anl instuments), and studies in cloud

physics (fog and stratus dissipation, dynamics and physics of cumultform clouds,

aircraft penetrations, and soundings).

Meteorological Development Labormtory. This laboratory performs and sponsors

short-term research and development in applied climatology, forecasting techniques,

and meteorological equipment. Equipment currently under development includes a

digital temperature sensor. a visual distance computer for use in the landing of

aircraft under poor visibility conditions, and data-handling equipment for Instru-

mented observing and forecasting systems. The laboratory conducts a program in.1

the analysis of civil ATC (air-traffic control) weather-support requirements and

serves as consultant to Air Force engineers and contractors and to other U.S.

military agenctes on problems of meteorological-design criteria.

The Sacramento Peak Observatory, located at Sunspot, New Mexico, is

equipped with optical instruments for solar observations in use today. It
designs and develop its own observation equipment, such as speet obello~a hs,

telescopes, coronographs, and photometers. The objective of the research program,

divided equally between solar observations and theoretical interpretation of the

observations, is the determination of the physical processes responsible for the

emission of radiations that maintain and disturb the ionosphere. Information is r
also provided to meet Air Force requirements in long-range communications, space

navigation, and the identification of health hazards in space travel. A comple-

mentary observing program, utilizing radio frequency rather than optical tech-

niques, is carried out at Fort Davis, Texas, by Harvard College under a contract

with the observatory.
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:1Contact:
"Research Director
U.S. Air Force C-wmbridge Research Laboratories

A "Laurence G. Hanscom Field
Bedford, Massaclusnetts

3.2.4 AFARL, Air Force Aeronautical Research Laboratories

Technical Coverage: Research information and data on metallurgy, cereraics, f
chemistry, physics, a4pplied mathemaýtics, aeromechanics, and pr ulion.

Mission and Description: The Aeronautical Research Laboratories, located at

Wright-Patterson Air Force Base, is the primary Air Force facility for in-house

research in mutallurgy, ceramics, chemistry, physics, applied mathematics, aero-

mechanics, and propulsion. Since April 1960, it has been an element of the Air

4 (Force Research Division and its successor, the Office of Aerospace Research, from

which it receives 95 percent of its research support. Remaining research funds
are supplied by the Advanced Research Projects Agency of the Department of Defense.

The laboratories are housed at Wright-Patterson Air Force Base, largely in a
single research building with a total area of 105,000 square feet. The facilities

I include a Mach 14 wind tunnel, a Mach 20 wind tunnel, 200-kw induction heater,

equipment for spectrography and gas chromatography, computers, X-ray apparatus,

a 500-kw a-c arc-plasma apparatus, crystal-growing equipment, and cryogenic and
I high-pressure equipment. About two-thirds of the dollar value of the research

program is carried out by contract in direct support of the laboratories' in-house

efforts or in performing tasks that cannot be accomplished in the laboratory. ARL

monitors approximately ?00 contracts, 60 percent of them with universities, the

remainder with nonprofit research organizations and private industry. About one-

fifth of this contracted research is performed by scientists in Europe and Canada.

The major part of the program is directed toward long-range basic research,
with a smaller fraction devoted to non-time-oriented research related to the deter-

mination and demonstration of advanced concepts for ultimate application rather

than toward the solution of minor short-range problems.

U Status: The work or each branch is outlined below:

The Chemistry Research Branch conducts research in the physical, inorganic,

71 and analytical chemistry, and in the chemical aspects of propulslon. In the area

;f physical chemistry, investigations are made of molecular energy exchange,
transport properties of fluids, and the radiolysis of organic molecules. The

Pprincipal effort in organic chemistry centers around the study of carbon hetoecat(o
systems. Research in analytical and inorgaAic chemistry Is di-ree towmard develop-
Ing neow methods of analysis applicable to metals used in special-property alloys

Sand toward investigations of X-ray techniques (fluorescence and diffraction) for
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use in structural analysis. Research in the chemical aspect3 of propulsion includes
two primary efforts: the development of new concepts or propulsion throu•, theo-

retical and experimental Investigation of deflagration and detonation In small-scale

laboratory flame systems; and studies of the unfamiliar chemistry of several classes
if ligh-energy molecules.

The Metallurgy and Ceramics Research Branch Is organized to conduot interdis-
ciplinary redearch in materials. The metallurgy program I. con,:entrated In the

areas of deformation and fracture, fatigue, and alloy structure. The ceramics

research progrpam Is concerned with the chemical, physical, anca~i&,&d elec-

trical behavior of high-temperaLure materials such as oxides, borides, and silicides.

Present investigations include the kinetics of high-temperature reactions, phase
equilibria studies, physical-property measurements, and defoination studies.

The Solid State Physics Research Branch investigates compounds of the IT-VI 1
class, particularly cadmium sulfide, zinc sulfide, and their solutions. A varied

research program has oeen designed to elucidate the detailed structure and proper-

ties of these compounds. Pure and doped crystals are grown, xUd their optical and
electrical properties are studied, both in the natural state and with strctural

alterations caused by bombardment fron a 250-kV Cockcroft-Walton and a 1-Mev

Van de Graaff accelerator. Several applications of military asd industrial
importance have grown out of these studies, such as the development of efficient

cadmium sulfide solar cells, both single-crystal and thin-film types.

The Plasma Physics Research Branch concentrates its efforts in the area of
partially ionized fluids, conducting both theoretical and experimental studies

chiefly in the areas of arc and gas discharges, plasma-microwave interactions, _:

and plasma diagnostics. The laboratory uses a variety of apparatus, such as

capacitor banks, arcs, and spectroscopic equipment, and develops its own instru-
ments for transient measurement and diagnosis.

The General Physics Research Branch is concerned chiefly with nuclear physics

and general field physics. In the first area, the branch performs theoretical

and experimental research in nuclear reactions brought about by low-energy parti-

also. The lmaboator's 1-7eV Van de Oraaff accelerator is used in experiments,

as is the leased ARL-Brookhaven National Laboratory Reactor Pacility. Current

studies in atomic physics concern determination of wave functions and transition

probabilities, together with various spectroscopic and astrophysical applications

of these data. Research in general field physics covers general relativity and

unified field theory, with specific efforts directed at the formulation of field

equations that couple gravitational-electromagnetic with nuclear-field inter- f
actions.
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.__ _ _"._ _-_.__ _ _? _ _ ':':• I I,: ' ' . : -. :. : i :.• :: :: :



The Applied Mathematics Research Branch conducts programs in mathematical

physics, numerical analysis, and mathematical statistics. The mathematical phys-

Lea work is primarily concerned with obtaining new techniques for handling phyai-

cal problems and involves the application of these techniques to the areas of

:tero•ynamic theory, plasma dynamics, and magnetohydrodynamics. Numerical analysis

"In concerned with problems that are amenable only to numerical treatment, such as

problems relating to wave propagation and axial symrmetric transonic flow patterns.

The solution of these problems is aided by the availability of computers. Research

in mathematical atatistics is concerned largely with the design and analysis of

experiments and with operations research techniques.

The Thermo-Mechanics Research Branch concentrates research effort in propul-

sion dynamics and the development of new concepts of energy-release mechanisms

and thrust generation. Studies are conducted in internal flow, electrical pro-

pulsion techniques, and energy release from reacting fluids. Heat-transfer

research involves high-enthropy methods, such as arc and plasma lets, and the

principles of free and forced convection heat transfer. Structural researoh

emphasizes the application of theories of elasticity, plasticity, and viscoelas-

ticity to the analysis of structures.

The Hypersonic Research Branch conducts theoretical and experimental studies

on the chararcteristics of bodies in hypersonic flow, including heat-transfer and

contrnl aspects as well as aerodynamic properties. The properties of bodies with

nonconventional aerodynamic shapes are investigated, with emphasis on achieving

static and dynamic stability of short and long bodies without the use of spin or

tail and fin confliy rations. Experimental programs include model firings for

free-flight simulat~on studies and the use of such facilities as 3-inch and 20-inch

Mach-l4 tunnels, a vertical wind tunnel, and a specially constructed autorotation
test unit.

The Fluid Dynamics Facilities Branch designs and develops novel facilities

required for experimentation In aerodynamics, such as arc Jets, unusual heatingK'] methods, and test stariii capable of operating above Ma~ch 114.

Contact:

] Research Director
U.S. Air Force Aeronautical Research Laboratories
Wright-Patterson Air Force Base, Ohio 45433

] 3.2.5 AM, Air Force Institute of Technology

Techical Coverag Educatlonal and research Iflormation in the technical

areas of Fngineering, Systems, and Logistics,
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Mission and Description: The Air Force Institute of Technology is the chief
Air University facility for advanced training in scientific, technological, man-
agerial, and engineering subjects. Through it, instruction Is provided for more

than 4,Q0 Air Force personnel each year. Most of the educational program Is con- -

tracted to colleges and industry; approximately two-thirds of this training is on-

the Craduate level. £
The re.ident program at the Wright-Patterson Air Force Base is coordinated

with the activities of the Aeronautical Research Laboratories and the Aeronautical

Systems Division, both at Wright-Patterson. Laboratory facflitles are made

available to faculty and students of the Institute for graduate seminars and for

research in problem areas proposed by both these organizations. Students'

research is reported in theses; research by the faculty is reported in journal

articles, books, and Air Force technical reports. Laboratory scientists act as
visiting lecturers and instructor3 and conduct special courses.

Statu=s: Research conducted by the faculty and students of the Air University's
Air Force Institute of Technology at Wright-P tterson Air Force Base is reported 4
in the form of technical reports or theses:

Technical Reports (TR). About 15 technical reports are issued each year
by the Air Force Institute of Technology, describing results of research

conducted by the faculty. These bear letter and number designations such

as TR 66-12, flC'st set of digits representing the year published and the 2>
last set the serlal number of the report. Most technical reports A
are classified; journal articles written by the faculty and published

in scientific and technacal journals are issued as unclassified technical

reports.

Theses. As a result of recent program expansion approximately 24$0 theses

on technical subjects will be produced annually by students of the AiL'

Force Institute of Technology, many on subjects proposed by the Air Force
laboratories at Wright-Patterson Air Force Base, in which the Investiga-

tioc are conducted. About one-fourth am classified. Theses of signif-

i1cant scientific or technical interest are reproduced and forwarded to the

Defense Documentation Center (DDC) for announcement in the Technical Abstract

B~lletln Tab and distritution to the Department of Defense and its contractors,

tContact:

Commander, Air University
U. S. Air Force Institute of Technology
Wright-Patterson Air Force Base, Ohio 45433

3.2.6 MFA3, Air Force Aeros ae Studies Institute

Technical Coverage: Aeronautical, chemical, an electrical engineering;

military scaence O history.
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Mission and Description: The Air University's Aerospace Studies Inst.tute

k-onducts research, develops concepts, and prepares studies and monograph respon-3 alre to the needs of Air University and the Air Force, on aerospace power and Its
relat'.onship to other instruments of national power. The Institute administers

the Air Force historical and museum programs. It supports the Air University
and the Air Force by research, writing, and lecturing in socio-military fiels.

The results of research dealing with concepts are reported in special studies

for distribution to interested military agencies. Many of these studies are

classified, Reports dealing with such subjects as survival training are published

as manuals and pamphlets for operationral use.

The Aerospace Studies Institute Is staffed by Air Force officers and by

civilians. It is composed of six organizational units:

"(1) The Arctic, Desert, Tropic Information Center evaluates, compiles,

. ,* and distribuces information pertinent to Air Force operations in non-

temperate regions. The research program places special emphasis on
the employment of Air Force %uapon systems and equipment in climatic
extremes and on emergency survival techniques. The Center is also
concerned with basic survival techniques, geographic intelligence,

ethnography, and human factors in environmental extremes. Liaison

"is maintained with Federal agencies and non-Federal organizations

engaged in environmental and geographical research. The center coord-

inates the Air Force geographical research program with similar pro-

grams of the Army and Navy.

(2) The Concepts Division develops long-range studies concerned with various

aspects of aerospace power ajAd examines basic Air Force concepts in the
light of technological advances. It analyzes the impact of new weaponSII
systems on the three military organizations.

(3) The Documentary Research Division, with a staff of specialists trained
in history, linguistics, political science, and economics, prepares
special studies on the military, political, and social aspects of the

U.S. and festin military programs. The preparation of these studies

is integrated into the educational program of the Air University. The

Division is interested in Air Force terminology and has ccnpiled the

USAF DIctionary.

(4) The Historical Division, the largest Division in the Research Studies
Institute, adinisters the Air Force historical and museum programs.

U Historians assigned to the Division prepare monographs oh such aspects

of Air Force history as aeromedlcal evacuation and the development of

aerospace doctrine In the USAF. The Archives Branch of the Division

is the official repository for histories prepared by all active Air
Force units.

.J a
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(5) The Communications-Eiectronics Doctrinal Project Office prepares for I
publication Air Force Manuals on commiications-electronics doctrine.

The Division evaluates existing coimmunications and electronic systems,
and weapon systems from the coomunications-electronics viewpoint, and

submits recommendations for the improvement or acceptance of such systems.

(6) The Air University Review Division produces and publishes the Air

University Review, the Air Force professional journal of asrospace

power.

Status;: Between 15 and 20 manuscripts reporting the work of the Aerospace

Studies Institute at Maxwell Air Force Base are prepared annually; approximately

10 of these are reproduced In multiple copies or printed for wider distribution

(typescripts of others are deposited in the Air University Library and the Instl-

tute's Archives Branch). Research Studies Institute publications are of three

types.

AIR FORCE MANUALS (AFM). These include publications of operational use

on such subjects as basic Air Force concepts, survival, ard aerospace

terminology. They are published by Headquarters USAF. Some are offered

for sale by the Super.rntendent of Documents, U.S. Government Printing
Office, Washington, D.C., ?0402

SPECIAL REPORTS (SR). These are prepared at the request of other Air Force

agencies. Usually they cover only those areas of the special subject that

are under study at the Institute.

SPECIALIZED PUBLICATIONS (SP). Publications of the Institute that do not A

appear as Manuals or Special Reports are designated Specialized Publications.

They cover a varioty of subjects, including U.S. Air Force history, U.S.

foreign policy, ethnic studies, geoý,rVphical analyets, and survival.

Contact:

Comuander, Air University
U.S. Air Force Aerospace Studies Isi t autet aia
Kuxell Air Force Base, Alabama

3.2.7 AF•O.• Air Force perations Analysis lOffice

Teochnical CoverWg: Reliability and accuracy; statistical and mathematical

techniques. Space system: testing, test analysis, and design. Weapon systems:

evaluation, costs, logistics, and maintenance.

ission and Description: The OPerations hnalyuis Office, uder the Jurladic-

tion of Headquarte•r81WAF, assists the AIr Fore* In making technological, tactical,

and strategic decisions. Its scientific studies, most of which are classified,

provide quantitative bumes for command and manAgemt decisions in such areas of
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aIr warfare i operitiona, weq oona and weapon systems, equipment, training, tactics,
strategy, and logistics, The Operations Analysis Office also provides Commanders

- .and their staffs with ready and informal access to scientists with specialized
training in air warfare analysis, and Ž:eeps th.e Commando lnformeg1 of aclentcf:,c

zad technical developments pertinent to their missions.

The Office coordinates and exercises general surveillance over the Air Farce
Operations Analysis proernu. The program is decentralized and Is conducted locally
through 19 Field Operations Analysis Offices reporting directly to the Commands to

I A which they are assigned. Twelve of them are in the continental United States,
while the remaining seven =rc located in THawail, Alaska, Germany, England, and
Japan. Headquarters USAF and interested commands arm kept informed of the activi-
ties and findings of all Operations Analysis Offices. A flow of scientific and
technical information Is maintained between the Field Offices, Headquarters USAF,
and all relevant research activities in the Air Force.

"Status: Studies prepared by the Operations Analysis Office are not limited
to a specific field; they may be related to the functions of any Air Force activity.

S,• Subject areas are reviewed and revised as necessary to bring into focus new fields
. re.ure at, T e,- -over the following range of s.li1-ttry topics:

*Strategic and tactical warfare (including force composition for general

and limited wars, counter-insurgency, guerrilla warfare); exercises and
"neuvers, including campaign analysis, gaming, simulation.

* Weapon systems: evaluation and costs; weapon technology and effects;
logistics and maintenance; electronic countermeasures and counter-

countermeasures.

Space systems: missiles anW missile systems -- testing, test analysis,
"and design; command and control systems.

Reliability and accuracy: statistical and mathematical techniques

J In addition to the periodic reports, the Operations Analysis Offices Issue
two types of nonperiodic publications reporting the results of Operations Analysis
"research. They are categorized by the extent of the research reported. Ninety

percent of the titles In each of the following series are classified COwIDMnUA
or SECRET.

OPEAIO ALYSIS PAPES ame fornal reports of studies of broad problems
of current Air Force Interest. They are thoroughly documented with exten-
sive technical detail and generally include recoisndations. Distribution
of papers depends on the content of each paper. They frequently receive
quite extensive distribution within the Air Force. Occasionally distri-
bution Is made to outside agencies.
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OPERATIONS ANALYSIS MEMORANDA are Informal -eports containing relatively

brief analyses of specific problems, summaries of study results, or philo- :
sophical discussions of some aspect or present or :.ture plans or strategy.

While narrower In scope than pRpers, they Include trrhn~cal dnta and recom-

mendations if applicable. Their distribution is usually limited to members -

of the Air Staff who are assigned primary responsibility for the ireas 3
discussed.

Cotrtact: Z

Operations Analysis Office
Headquarters U.S. Air Force
The Pentagon
Washington, D.C. 20330

3.2.8 AFBEICQ Air Force Radiation Effects Information Center

Technical Coverage: Effects of nuclear radiation on materials, componentu,

and systems that might be used in a nuclear-powered airborne weapon system and

associated gnound support equipment; effects of nuclear bursts, pulsed radiation 3K
and space radiation on materials, components, and systems.

Mission and Description: The Radiation Effects Information Center has an

active program for locating, procuring, analyzing, evaluating, and d !aseminAt nr.g

engineering data on radiation effects for use by design engineers Vnd scientists

conducting, research -and development.

The Center seeks out, collects, analyzes, files, and distributes radiation-

effects information on aerospace materials. It makes available all pertinent 34
enrinefring data on radiation effects that may be applicable to nuclear-propelled

flight vehicles, as well as the effects of nuclear weapons-burst radiation and

space radiation; it defines technical areas in which research should be initi.'ced I
and calls attention to duplication of retearch efforts; it performs literature

searcheis. The Center provides answers to technica] questions, Information con-
cem-ngn curr•ent research and development projects, and scientific or technical :
data or data compilations upon request. It prepares and disseminates state-of-

the-art reports.

Status: Areas of concern to REIC include the effects of nuclear radiation on

materials, components, =d systems that might be used in a nuclear-powered air-

borne weapon system and associated ground support equipment; the effects of pulsed

radiation and space radiation on materials, components, and systems; and informa-

tion on facilities for generating radiation environments and dosimetry.

Approximately 20•000 documents have been processed into the IEIC technical

information files. The monthly accessions rate is about 400 Items. The collec-

tion consists primarily of Journals, periodicals, abstract journals, Governent

reports, project or administrative data, and technical correspondence. The col-

lection Includes classified material.
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I The services of the Cfnrter include answering technical inquiries and provid-

Ing, technical advJsory service. The Center also publishes engineering state-of-

the-art reports, abstract lists, contract summaries, and special reports vndj memoranda. Complete services -re avallable to Government agencies and their con-

tractors only, but partial services are available to others as need arises.

Mr. John Ch.arlesworth (MAAM)
Air Force Materials Laboratory (AFSC)"Wright-Patterson Air Force Base, Ohio 454j3

3.2.9 AFEPIC, Air Force Electronic Properties information Center

Technical Coverage: Nine major categories of materials are covered by

AFEPIC: semiconductors, insulators, ferroelectric dielectrics, metals, ferrites,

ferronagnetics, electroluminescent materials, thermionic emitters, end super- .•

conductors.

Mission and Description: The Electronic Prcper,tles Information Center has

been organized to collect, index, and abstract the literature or, the electrical

and electronic properties of materials, and to evaluate and compile the experi-

mental data from this literature.

It is designed to provide ready access to literature and experimental

data concerning the electrical and electronic properties of all materials of

importance in today's technology. The literature is abstracted and indexed into

an automate,! search system. Data from the literature are evaluated and compiled I
into series of data sheets. Summary and state-of-the-art reports are also issued.

The abstracts identify the materials and describe the experimental data contained

in the literature. Requests for specific data are honored.

Status: Literature selected for indexing, abstracting, analysis, and eval-

uation is found through the regular scanning of the DDC Technical Abstract Bualle-

tin, NASA's Scientific and Technical Aerospace Reports, Ceramics Abstracts,

j •Chemical Abstracts, Metals Review, and similar sources. In addition, an average

of forty journals are screened on a current-arrival basis. The collection

currently contains more than 15,030 references, mainly on semiconductors and

j; insulator materials. The monthly accessions rate is about 400.

*1• The output from this Center is in the form of commentaries, data sheets, and

. other special reports that are issued to a regular distribution list, or in answer

to a special question addressed to the Center. The most technically promising

Li materials are chosen first for evaluation and compilation into data sheets, with

an average of about 30 data sheets In final form for each of the materials. To

date, more than 40 series of data sheets have been issued.
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Contact:

Mr. R. F. Klinger (MAAM)
Air Force Materials Laboratory (AF3C)
Wright-Patterson Air Force Base, Ohio 45433

Per forming org ani zat ion:

Mr. Emil Shafer
Electronic Properties Information Center
Mail Station E-175
Hughes Aircraft Company
Culver City, California
Telephone: (213) 391-0711, Extension b59u

3.2.10 AFMPDC, Air Force Mechanical Propertiec Data Center It
Technical Coverage: Mechanical properties of structural materials, with

primary emphasis on metals, and plastics secondary, including test procedures,

material formulation, processing, environments. Statistical evaluation of data.

Mission and Description: The Mechanloal Properties Data Center collects and I
disseminates information and data on the mechanical properties of structural
materials for applicstion in aerospace and defense industries. It prepares ar'd

distributes evaluated strength data of aerospace materials. It is primarily

concerned with design, development, and operation of mechanized systems for stor-

age, retrieval, evaluation, and presentation of complex technical information.

These information-system developments are intended for immediate application,

with available hardware being used. Emphasis is placed on current practicality

rather than sophistication. The actual dota content of documents is stoivd,

processed, retrieved, and presented. Sources of information are presented, along 3
with tabular and graphical displays of material properties.

Status: The Center contains approximately 2 million data points, a data 3
point being defined as a single point or value for a given property. Additions

are presently made at tl.e rate of about 100,000 data points per month. The

sources of these data points include Government reports, journals, periodicals,

abstract journals, books, technical and scientific dmta, and project or adminis-

trative data. I
The Center provides direct answers to questions concerning mechanical proper-

ties such as tensile strength, compression, flexure, creep, and fatigue of metals

and reinforced plastics. Curves and tabulated data are used effectively either

as reference criteria or operands for design calculations. Data sources are

always identified, thereby providing bibliographic information as a by-product

of the data presentations. Data sheets, graphs, and inventory reports are dis- I
seminated routinely to interested DOD contractors and other groups.

Contact:

Mr. Donald Shim (MA M)
Air Force Materials Laboratory (AFrC)
Wright-PattErson Air I?orce Base, Ohio 1451433
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Mr. Albert J. Belfour, Director
Mechanical Properties Data Center
13919 West Bay Shore Drive
Traverse City, Michigan 49684
Telephone: (616) 974-4500

.. A�T A•r Force Defense Metals Information Center

Technical Coverage: Properties, fabrication, and applications of aluminum,

tlt Lnium, ueryllium, magnesium, tungsten, molybdenum, columbium, tantalum,

rnlenlum, "talnless steels, hot-work die steels, low-alloy hardenable steels,
.nlc el-b.ase superalloys, cobalt-base superalloys, and Iron-base superalloys.

Misson and Description: The Center collects, processes, and disseminates
;clentific and technical information on structural metals and closely related

ierospace materials; it provides answers to technical questions, Lnformation con-

cerning current research and development projects, and scientific or technical

data or data compilations upon request. There is no organized loan service.

AFDMIC evaluates the accuracy, quality, and significance of information that has

already been introduced into the system and prepares state-of-the-art revlews,

correlations of information, etc. It also offers technical consultant services.

Status: The Defense Metals Information Center collects, interprets, and

disseminates technical information about special metals used in aircraft, missiles,
and other military systems. Included in its scope are light metals, refractory

metals, high-strength steels, superalloys, coatings, and materials for thermal

protection systems.

* The collection of AFDMIC, approximately 55,000 items, consists primarily

of journals, periodicals, Gover ment reports, industrial literature, technical

and scientific data, and technica--- correspondence. The collection includes

classified material. The monthly accession rate is about 400 items.

The services of this center include answering technical inquiries, providing

technical advisory service to producers and fabricators of the above-listed
metals, and conducting surveys and limited research investigations of these metals.
The Center also publishes state-of-the-art reports, technical memoranda, quarterly

veviews of recent developments, and monthly lists of selected accessions.

Contact:

Mr. E. Hayes
Office of Director of Defense Research and Engineering
Washington, D.C. 20301
Telephone: (202) Oxford 7-6933
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Performing organization: l

Mr. Roger J. Runck
Defense Metals Information Center
Battelle Memorial Institute
505 King Avenue
Columbus, Ohio 43201
Telephone: (614) 299-3151 1 :

3.2.12 AFCGIC, Air Force Ceramics and Graphite Information Center

Te l CoveaLe: Inorganic nonetallic materials, metal oxides, sulfides, A --

carbides, borldes, nitrides, siicides, intermletallics, metalloid elements and

their refractory compounds, glasses and vitreous adhesives, lubricants and seal-

ants, inorganic cements, and carbons and graphites. Composites of these materials,
together and with other materials, including coatings. Mechanical testing for

high-modulus and trittle materials and composites. 3
Mission and Dýýscription: The Ceramics and Graphite Information Center serves

as a focal point for collecting, evaluating, and distributing technical informa-e

tion about inorganic nonmetallic materials and composites thereof. The Center

provides critical analyses and state-of-the-art reports regarding property data

and materials research, development, selection, and application for aerospace

systems and military weapons.

The Center collects, processes, analyzes, and disseminates scientific and a

technical information on ceramics and graphites, providing a unified source of

collated scientific information related to the science and technology of inorganic

nonmetallic refractory materials for structural, nonstructural, electronic, and w
other applications for defense and civilian purposes. It collects, analyzes,

evaluates, combines, and dinseminates technical information on graphites, ceram-

ics, and related materials. It defines deficiencies in available information

and recommends greater or lesser effort in pertinent technical programs as

appropriate. Its products, in addition to consulting services, consist of reports

summarizing analyzed and evaluated data. Input to the group is from DDC, the

scientific literature, foreign technology, and direct contact with the scientific

and industrial coumunity.

Status: Collecting is arranged through Government agencies, universities,

and Industrial sources, the collection being stored by the Aerospace Materials

Information Center or other Air Force Materials Information Centers for ready
retrieval and evaluation.

Contact: A

Mr. Donald Shinn (NAM)Air Force Materials Laboratory (APSC)
Wright-Patterson Air Fore* Base, Ohio 45433 t

86



~rtl

Performing organization:

Mr. Barry R. Emrich CMAA4)"* Materials Application Division
.5 Air Force Materials Laboratory (AFSC)

Wright-Patterson Air Force Base,. Ohio 45433
-~ Telephone (513) 253-7111, Extension 53623

3.C.13 AFTPIC, Air Force Thermophysical Properties Research Center

Technical Coverage: Thermophysical properties of all substances and seven
Sproperties- visctýsityf, thermal conductivity-, thermal diffusivity, d-iffusln

coefficient, specific heat, thermal radiative properties --- spectral and total

? (eris.s.vlty, reflectivity, absorptzvtty, transmissivity), coefficient of expan-

sion, and PRANDTL number.

Mission and Description: The Thermophysical Properties Research Center
collects, classifies, codes, and disseminates all the world literature on 13

thermophysical properties of all matter. It prepares tables of internally con-
"* 9 sistent data recognized as "most probable values" of a given property for a
* •material as of a given time.

The Center provides scientific and technical information based on a critical

evaluation of previous data and, if necessary, new measurements or calculations

in the thermophysical properties field. It provides authoritative and comipre-

"hensive source information on the thermophysical properties of all matter, cover-

- n Ing the world literature. It also conducts experimental research on new develop-

"erties.

Status: The world's open literature is searched as are all Government
- I reports and academic research, for data, theory, and experimental techniques

concerning thermophysical properties used in heat- and mass-transfer calculations

for all matter. Approximately 15,000 periodicals are covered through the regular
"scanning of fourteen abstract journals and the irregular monitoring of eleven

ii additional abstract journals. The present collection contains more than 34,0OO

items of information. The monthly accession rate Is about 500 Items.

U The major publications and services of TPRC Include a retrieval guide to

thermophysical properties research literature, a three-volume data book that Is

updated twice a year, an annual listing of all masters theses in the pure and

applied sciences, special research reports and translations, and special consult-

ing and advisory service of Government agencies and Industry.

Contact:

Kr. Edward Duggr (NAAR)
am Air Force materialu Laboratory (Also)

Wright-Patterson Air Force Base, Ohio 45433
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Performing organlzation:

Dr. Y. S. Toulouklan, Director
Thermophysical Properties Research Center
Purdue University
2595 Yeager Road
West Lafayette, Indiana
Telephone: (317) 743-3827

3.2.14 AFMDC, Air Force Machinability Data Center
Technical Coverage: Data are being processed for all types of materials

and for all material removal operations, including conventional machining and

alternate removal processes.

Mission and Description: The Air Force Machinability Data Center collects,
evaluates, stores, and disseminates material-removal data and other information Z

for the benefit of industry and Government. Strong emphasis is placed on engi-"i1
neering evaluation to develop optimized material-removal parameters.

Status: Ar.MDC has a mechanized system in which punch cards are used to 3
store and retrieve all types of material-removal information, including all sig-

nificant numerical data. The focal concept for acquisition, interrogation, or
presentation of information is the specific material (with definite chemical,_

physical, and mechanical properties) and the specific material-removal operation

being used.

AFMDC places strong emphasis on providing specific and detailed answers to
technical inquiries concerning material removal. A User File, consisting of

important users in the field of material removal, has been developed to receive

information products, including machining-data-pamphlets and tables on materials
of current interest, state-of-the-art reports, technical announcements, and other

appropriate items. Services are provided to the aerospace industry, Department

of Defense (including all of the military services and their contractors) and

other Government agencies, technical institutions, and nonmilitary Industries.

Contactr
Materials Information Branch

Materials Application Division
Air Porce Materials Laboratory (APSC)
Wright-Patterson Air Force Base, Ohio 45433
Attention: MWA

PerforMing organization:

Dr. John F. Kahles
Netout Research Associates, Inc.

3980 Ronslyn Drive
Cincinnati, Ohio 145209
Telephone: (513) 271-9510

•;•"•_:•i-,•• .) " . •;./ : '& ". 88: g I•: :- ; ; ' -:.. - :: :i "• .: :".::

• _ • •- : • • .f ,2 .,> •: • -, .-.' • .....: • ..: • ..... = - . , . . .: . . - . • , • : - . - . .. . • .I .•



'3; .. 15 AFAMTC, Air Force Aerospace Materials Information Center

TechnIcal Coverage: AFAMIC evaluates adhesives, coatings, lubricants,

fibrous materials, oils, polymers, various types of manufacturing procedures,

methods of materials evaluation and other matevials not specIfIcally covered by r
thie other cen~ters.

Mission and Description: The Aerospace Materials Ini'ornation Center collects,

Interprets, organizes into retrievable form, and dissemlnates technical Informa-

tion on all materials of concern to the Air Force Materials Laboratory in conjunc-

tion and coordinat;ion with other Air Force Materials Information Centers.

I Status: A collection of approximately 27,000 scientific and technical

reports on the above-listed materials is row in retrievable form. The monthly

accession rate is 450 reports. Although the primary sources of documents are

Internal and contractor-generated reports, reports from other Government agencies,

their contractors, and general industry are also included.

" T The Center provides coordinated use of all pertinent information sources to

the AFML and makes technical replies to inquiries, especailly on subject matter

not covered by other information centers. It prepares review reports and hand-

books such as the Aerospace Structural Metals Handbook and the Space Materials

"Handbook.

"Contact:

Mr. Edward Dugger (MAM)
Air Force Materials Laboratory (AFSC)

"1 Wright-Patterson Air Force Base, Ohio 45433
. Telephone: (513) 255-5607

3.2.16 AFSC, Air Force Systems Cnomand

Technical Coverage: All phases of engineering research and development

for materials and operations in the areas of aerospace and weapons.

.J "Mission and Description: Applied research and development io the primary

responsibility of the Air Force Systems Command, one of the largest single

research and development organizations in the Federal Government. It Is respon-

sible for the development and testing of weapon systems from the initial design

stage to delivery of the complete system to the using comand. Research In the

physical, engineering, and life sciences is aimed at solving specific problems

In systems development or is directed toward promising areas that could lead to

the development of new systems.

St]tu:s The command is entirely too broad to be covered in a document of

this scope. Many of the activities are descrlbed under the several specialties

of the Air Force Materials Laboratory at Wright-Patterson Air Force Base.

E89

.7|
14 -



I
Contact :I

Deputy Ci•ef of Staff
Research and Development Headquarters IU.S. Air Force

Washington, D.C. 20330

I I
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3.3 U. S. Army r-urces

"- T3.3.1 AEC, A-my Electronics Command

"I Technical Coverage: Nuclear, plasma, and solid-state physics, geophysics,

Smeteorology, radio communications, automatic data processing, aerospace elec-
tronics, combat radar, electronic warfare, detention systems, frequercy controls,
electronic parts and components.

SI Mission and Description: The mission of the Army Electronics Command is to
* U coordinate In a single organizational unit the research, development, procurement,

and production of Army comnnunicationa and electronics materiel.

-.'. -t of the scientific and technical projects of the Electronics Command are
2cn:i-:ed by contract with industrial laboratories or with educational and other
ncrn,--it Institutions. To monitor these projects and to conduct its own research,
de-eulnpment, and testing, the Command maintains three major installations- the
Electronics Laboratories, Fort Monmouth, New Jersey, and two Electronics Research

SardJ Development Activities, one at Fort Huachuca, Arizona, and the other at the
A.":.-Z : White Sands Missile Range, New Mexico.

.'he Laboratories conduct and support research in disciplines related to
milit•ry electronior and develop materials and techniques for electronic components,

_ • ~equipm~ent, and systems. About 70 percent of the work Is performned by contract.

The remaining 30 percent Is conducted in the Laboratories' own facilities and is
about evenly divided between exploratory research and applied development.

Statue: The Eletronics Laboratories issue a monthly technical newsletter,
USAEL R&D Summary, which provides current information on significant developments
In the taboratorles, p ,ogrm. olesified projects are discused in a specialI classified section of the Suemary. The Laboratories also prepare an annual tech-
nical filmed report on Its current progress and achievements. The Electronics
Research and Development Activity at Fort Huachuca, Arizona, issues an annual
progress report on its micrometeorological research.

All of these materials are prepared primarily for internal distribution.
Inquiries regarding their availability outside the Electronics Command should be
directed to the Cwmaanding General.
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'I
The Electronics Laboratories issue about 75 technical reports a year. These

are formal reports, reporting the findings of the laboratories' research and

development programs, compiled at the completion of a project or task, or of a1I
significant phase of a project. Less than 10 percent of these reports bear a

security classification; about half appear eventually as articles in Scientific
and technlcal journals. About 50 test reports Issued each year contain results1

of performance, engineering, environmental, evaluation, and comparison tests of

equipment developed by the Laboratories' programs. Less than 5 percent are

classified.A

The Electronics Research and Development Activity (White Sands) issues from

10 to 15 research and test reports each year, of which about 20 percent bear a

security classification.

Contractors and grantees of all three Electronics Command Installations issue .

technical and final reports in addition to periodic status reports. Roughly half

of the contractors' formal reports make their appearance in the open literature

as articles in professional journals.

Status: The Army Electronics 'ýommand participates in the tri-service

sponsorship of two Information centers:

Power Information Center of the Interservice Group for Flight Vehicle

Power. This center, located at the University of Pennsylvania,

Philadelphia, Pennsylvania 19104, Is operated under contract by the

university. It collects and disseminates information on power (except

propulsive power) from a variety of sources -- electrochemlcal, electro-

magnetic, mechanical, photoelectric, thermoelectric, thermionic conver-

sion, chemical, nuclear, and solar. Services are made available to all

Government agencies and to qualified contractors and non-Government

organizations on a need-to-know basis. Information Is generally pre-

sented In the form of briefs on Government-sponsored research and I
development projects in the field of advanced power. The collections
are available to qualified visitors for direc. use.

Electronic Test Equipment Information Center. This center, formerlyIt
designated Project SMTE, Is maintained under contract by New York Univer-

sity, New York, New York 10034. It collects, tabulates, and disseminates

technical information concerning research and development on electronie
test, checkout, and support equipment. Technical consultation services

are provided to the Department of Defense and to other Interested

Government agencie*.

Contact:

- Comanding General
U. S. Amy Electronics Commad
Fort Monmouth, Now Jersey 07703
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K 13 .3.. AMC, Redstone elentifle Information Center

Technical Coverage: Aerospace logistics, operations, ballistics, fire

contro', fuzes, Warheads, and related missiles and rockets ordnance.

MissIon and Description: To maintain data accumulations oni engineering

design tests of equipment for which the command is responsible. T*ete are cvn-

ducted at the Redstone Arsenal Test and Evaluation laboratory. These include

rellability, structural, and mechanical tests; simulated environmental tests of

ril-sile subassemblies and components; and nondestructive testing of solid-

H propellant missiles.

Status: The laboratory issues approximately 400 documentary reports each

year. More than half bear a security classification. The Information Center is

Jointly funded by the Army Missile Commnand and NASA's Marshall Space Flight Center.

It is the principal data bank for technical literature on missiles, rockets, rocket

motors, and related items at Redstone Arsenal.

The Center prepares technical and scientific data compilations, summaries,

and bibliographies in support of AMC and MSFC programs. References to newly

acquired Information, including report abstracts, accessions, and notes on forth-

coming searches,are published weekly.

Contact:

Commoanding General
U. S. Army Missile cemmand
Redstone Arsenal, Alabama 35809
Attention: ASMI-Il

Lerforming organization:

Redstone Scientific Infox-nation Center
U, S. Army Missile Command
Redstone Arsenal, Alabama 35809

j 3.3.3 HRL, Ballistics Research laboratories

Technical Coverpe: Ballistic measurements, weapons systems evaluations,

operations research, reliability, quality assurance, test-data analysis, proba-

bility and mathematical analyzse..

Mission and Description: To conduct research in weapons technology and

ballistics, weapons systems effectiveness studies, weapons concept evaluation, and

military target vulnerability determinatlins. The Survellance Group evaluates
the reliability and ballistic characteristics oa rockets, guided maissiles, and

other types of ammunitlon retained in stockpiles. It porforms research In mathe-

matlcal statistics In the design of experiment, and analysis of the data.

I
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Status: The research is oriented to contribute to the solution of current
problems in weapon development and at the same time to anticipate trends in weapon

technology that will meet future Army requirements for general and limited warfare.

The Laboratories provide consulting services and teirhnrdýal assIstanýe to allied

military organizations and other Gevernment agenci- The research programs are

zarrled out in seven naJor divisions, with 15 percent betng conduc ted under con-
tract by industry and nonprofit organizptions.

Aproximately 150 technical reports ýre •Isued eaeh year, half of them 1
classified. BRL reports present the results of scientific research; BRL memoran--

dun reports present the results of technical investigations; and BRL technical I
notes prerent preliminary, quickly formulated results of investigations.

Dr. Keats A. Pullen, STINFO Officer -

Scientific and Technical Information Office
U. S. Army Ballistic Research Laboratories
Aberdeen Proving Ground, Maryland 21005

Performing organization:
Mr. 0. P. Bruno, Chief I
Surveillance and Reliability Laboratory
U. S. Army Ballistic Research Laboratories
Aberdeen Proving Ground, Maryland 21005

3.3.4 VTIAC, Nondestructive Testing Information Analysis Center

Technical Coverage; Nondestructive-test data on materials, acqulre.d thro-ugh • =

radiography, ultrasonics, electromagnetic, and other NDT methods. I
Mission and Description: To collect, maintain, and disseminate data in the

field of nondestruJctive testing. To maintain a staff of nondestructive testing
experts to provide asalotarc-e In those areas requiring augmnented technical support. -

Stores information In a rapid-retrieval system to disseminate upon request to
Government installations and others.

Status: All document,. and other source material on nondestructive testing
are indexed, abstracted, coded, and filed for reference and use. A register of3
sequential accession numbers is kept for assigning index Identification to items.
Abstracts are generally limited to one hundred words or less and are coded to

reflect title, author(s), source Information, and content. The cards are then

filed, and the coded Information is put on the master indexing system. The riles
of NTIAC contain, therefore, descriptor cards, abstracts, and items. Search and
retrieval in accomplished by searching the deacrlptor cards by code, Identifying U
and locating the abstract, and, If the abstract warrants, leating the originalito..
Item. BE
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In addition to Identifying, collecting, abstracting, indexing, and filing
the items, NTIAC also prepares critical reviews, monographs, and other publicationn

on the state of the art in selected areas of nondestructive testing.

Periodically, Report Guides to Literature on the various fields of interest
in nondestructive testing are published. These guides reflect the new and sig-
nttfioant publications in a particular field of interest and :onsi.t of copleL, 0'

abstracts, together with the pertinent descrlptoro and accession numbers, from
the files of WTIAC. The guides, essentially literature searches, provide users -.

with a miniature retrieval system on specific subjects. A Nondestructlve Testing
Newsletter Is published as the volume ol' news warrants; at present, distribution
is limited to DWD installations. Other services include providi•g brief and
detailed ans;wers to technical inquiries; consult.ng and advisory services; prepa-

ration of analyses and evalt.ations; providing short lists of literature citations
In response to specific requests; furnishing locationo of hard-to-find bibli-
ographical materials; extensive literature-searching services; and on-site use of
NTIAC holdings.

Services and on-site use are available free of charge to all qualified
requestors. Document.,- are not loaned; requestors receive abstract-card copies on
which document source Infonration is provided. ft

Cont act : •

Mr. D. E. Driscoll, Chief

Materials Testing Laboratory
U. S. Army Materials Research Agency
Watertown, Massachusetts 02172
Attention: AMXMR-T4T-Nondestructive Testing

Informatton Center
Telephone: (617) 926-1900, Extension 655

3.3.5 AWC, Army Weapons Command

Technical Co, -. ge: Engineering research data on cannon, mortars, howitzers,

and anti-tank and anti-aircraft weapons, including recoil mechanisms, fire-control

equipment, feed mechanisms, optical equipment, and nondestructive-testing equipment.

Mission and Description: Supports and conducts research, development, and

engineoring to satisfy the need for new and novel weapons and for the improvement

and modification of existing weapons. The activities are conducted by three
maJor" installations, located at Vatervliet Arsenal, Springfield Armory, and Rock

Island Arsenal.

Status: The Watervilet Arsenal is responsible for the development,
procurement, and testing of the Army's oauion, mortars, and recoilless rifles.
Weapons are developed from new concepts, through service testing of components,

to release of prototypes for production. A variety of pilot production facilities

are maintained, including equipment for metalforming, fabricating, cutting, and
heat-treating.
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Research conducted In the Arsenal's Benet Laboratories consists of I
investigations in metallure.y and physics on a macroscopic as well as microscopic

level, including research on composites and metallic whiskers. Research on high-

pressure materials and on metallurgical i---ýesses and tre"-'' ents is directed
toward improving the propertI.- of materials employed in v. tpons for which the

Arsenal is responsible, or to developJng new and unique weaponry concepts. j
The 3prir4•field Armory Is the principal Weapons Command installation for the

development of small-callber weapon systems, automatic weapon•, aircraft armament, j
weapoen dynamics, and aux$ilary Items •.ch as feed mechanisms stid gun chargers.

The Armory supports research in heat-rz.,istant and eroslon-resistant

matcrIals, and surface-finishing materials pe;-ullar to small ar'ms. Processes

for the preservation and treatment of leather, wood, and other nonmetallic

materials used in small arms and small arms accessories are inveEtigated. Research

is also conducted in such areas as rates of fire and ultrasonic cleaning processes.

The Rock Island Arsenal is responsible for Weapons Command research and 3
production cngineering in mounts, recoil mechanisms, loaders, carriages, and

wagons, for artillery and anti-tank and anti-aircraft weapons. It conducts

research in elastomers, corrosion prevention, power-transmission fluids, friction
and wear characteristics, gaskeL materials, greases, and other nonmetallic

materials. The Arsenal also develops packing techniques for materials other t.ian

amnunition and investigates metal-cutting and related processes.

Research and engineering documents of more gereral interest a-e issued ty

the Command as Technical Reports. These include final reports of research and I
engineering projects, or of completed phases of such projects. Springfield Armory

issues about 7 Technical Reports a year; Watervliet Arsenal produces about 25

annually, of which approximately 10 percent are classified. About one-fourth of

the Technical Reports of the latter installation are eventually published as

articles in scientific journals or trade magazines. Rock Island Arsenal produces

an average of 33 Technical Reports per year, some of which are presented at con- 3
ferenoes as papers and which appear in technical Journals.

Contact: 3
Mr. K. A. Herbst, Chief
Standardization and Technical Service Office
Rock Island Arsenal
Rock Island, Illinois 62013
Attention: AMSWE-RIDT

3.3.6 AMO, Army Mobility Command I
Technical Coverage: Data on high-performance helicopters, advanced V/SOL

aircraft, propulsion systems, radiation-protection devices, tactical land vehicles,

rail motive power, high-speed amphibians, aerial delivery equipment, Parachute

systems, etc.
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Mission and Description: Encompasses design and development of equipment and

:;aintenance engineering, including methods and techniques for testing and test

"* •evaluation, The three major units of the Command are the Mobility Equipment Center,

the Aviation Material Command, and the Tank-Automotive Center.

Status: Research and development functions for the Mobility Equipment Center A

are accomplished through the Center's subactivity at Fort Belvoir, Virginia -- the
U. S. Army Engineering Research and Development Laboratories (USAERDL), the prin-

Lipal Ari.y facility for research and development in engineering materiel and in

engineering methods and techniques. The Laboratories are responeible for the

development of new equipment for the use of mobile battle groups as well as for

the modernization of old equipment to meet new Army requirements. Approximately

613 percent of its research and development funds a-e used for contracts to conduct
work outside the laboratories.

A

The research and development functions are accomplished through the mutual
efforts of the Aviation Materiel Command Headquarters and the U. S. Army Trans-
portation Research Command, a subactivity located at Fort Eustis, Virginia.

Research and exploratory and advanced development are principal responsibilities

of the Transportation Research Command.

A large portion of this work is being performed in conjunction with the
National Aeronautics and Space Agency, using the facilities at the Ames Research

Center, Mofrett Field, California. Other areas of investigation include propul-
sion, human-factors engineering, environmental factors, detection and vulner-
ability, stability and control, drop gliders, aircraft structures, etc., utilizing

research aircraft and models where appropriate.

The Tank-Automotive Center is charged with research, development, procurement,
quality assurance, industrial mobilization planning, cataloging and standardiza-

tion, maintenance engineering and field assistance, and integrated materiel inven-
tory management of the Army's tactical and general-purpose vehicles and their

components. The Center conducts or monitors research and development in vehicular

design, suspension, power plants and auxillar7 equipment, and environment. Most
research, development, and engineering is conducted in conjunction with other

Government agencies or is performed by industry under contract. Mathematical
models and high-speed computer techniaues are used to determine optimum vehicular

design and to predict performance characteristics.

SContact:

Mr. Raymond K. Braman, Main~tenance Directorate
U. S. Army Mobility Command
Tank-Automotive Center
Warren, Michigan 48090
Attention. SMOCA-M (1WP)
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3.3.7 AMC, Army Munitions Command

Technical Coverage: Information on nuclear and non-nuclear projectiles,

rocket and missile warheads, mechanical fuze timers, mines, mine fuzing, pyro- I
technice, propellant-actuated devices, toxic chemical munitions, flame weapon

systems, and incendiary devices. Studie- are a;o conduted ii, BU1TiCal analy;1.,

mathematical statistics, probability, and operations-research methodology.

Miesion and Description: The mnision of the Comand 1nzl,;deas design and

development; product, production, and maintenance engineering; procurement, pro-

duction, and industrial mobilization planning; cataloging and standardization;
wholesale inventory management, stock control, and supply control; new equipment T

training, development of related military occupation specialty information, and
design of pertinent training devices; and providing technical assistance.

Status: The Command's special functions include operation of the U. S. Army 4
Metrology and Calibration Center for controlling all Army operations pertaining

to common-type test and measuring equipment; operation of the Department of Defense
Plastics Technical Evaluation Center for collection, maintenance, and exchange of
data on plastic materials of military interest; operation of the U. S. Army

Explosives Ordnance Disposal Center for the development and control of explosives-A

ordnance disposal procedures for all Army munitions; and control of the disposal

or radioactive material within the Army.

Picatinny Arsenal is the Army Munitions Command's commodity center for

nuclear munitions and is the research and engineering center for conventional 4
ammunition. Of the Arsenal's total research and development activity, approxi-
mately 45 percent is conducted at the Arsenal, 20 percent by other Government

agencies, and 35 percent by private industry.

The Feltman Research Laboratories, located at the Arsenal, conduct basic and

applied research in the physical and engineering sciences as they relate to

explosives, pyrotechnics, propellants, packaging, and materials.

Edgewood Arsenal is the Army Munitions Command's commodity center for
chemical and biological materiel. Its in-house research and development projects j
are supplemented by an approximately equal number of grants and crntracts. The
scientific activities of the agency are conducted or sponsored by the Army Chemical
Research and Development laboratories and the Army Biological Laboratories. 3

Prankford Arsenal is the Army Munitions Command's commodity center for
small-caliber munitions and propellant-actuated devices. Its responsibilities 3
include the development, engineering, and procurement of small-caliber munitions;
propellant-actuated devices; artillery ammunition components, such as cartridge
cases, projectiles, and mechanical time fuzes; and fire-control systems in support
of the U. S. Army Weapons Conmand. Frankford Arsenal also performs research in
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metallurgy, optics, surface finishes, corrosion prevention, lubricants, material

degradation, and technology pertinent to the miniaturization of ammunition.

• JContact:

Commanding General
U. S. Army Munitions Command

. Picatinny Arsenal
Dover, New Jersey 07801
Attention: TIS-Weapons Data Index

- _ 3.3.8 pIA•TE.• Plastics Technical Evaluation Center

Technical Coverage: Plastic materials, with emphasis on plastics in a

structural weapons systems, electrical and electronic applications, packaging,

and mechanical devices.

Mission and Description: To collect, exchange, collate, develop, and

evaluate technical data on plastic materials of interest to the Department of

Defense. Distribute these data and evaluations to DoD activities, their designees,

or other organizations with demonst;-able defense-supporting interests upon request.

Render technical advice and assistance on plastics to DoD activities upon request.

Status: Files of research and development projects in plastics are maintained,

together with the names of personnel involved. Less than 10 percent of the infor-

mation in the Center's collections is classified. Technical advice and assistance
is rendered to all Department of Defense activities. Special reports are prepared

on request, bibliographies are compiled, and the information supplied is carefully

evaluated. The Center issues two series of publications: PLASTEC Reports, which

are formal state-of-the-art surveys, directories, guides, and data sheet compila-

tions; and PIASTEC Notes, consisting of informal memorandums.

Contact:

Mr. Harry E. Pebly, Jr., Chief
Plastics Technical Evaluation Center
Picatinny Arsenal

J Dover, New Jersey 07801
Attention: SWPA-VP3
Telephone: (201) 328-4222

Li 3.3.9 ATEC, ArM Test and Evaluation Command

Technical Coverage: Test'.ng capabilities as noted below. Test data are not
maintained in a bank, but become the property of the developing command for which

the test was conducted.

Mission and Description: Engineering design and production tests are
performed for Army camiodity commands. Check tests, confirmatory tests, evalua-

tions surveillance tests, wan renovation tests are conducted as reuired. fSte

determine the suitability of weapons, equipment, clothing, and other material for

S• Army-wide use.
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Seventeen test boards, proving grounds, and other field installations are

under the Jurisd,;titon of the Test and Evalu•..Gon Command. This Includes six
test boards, nine prving grounds and environmental centers, the White Sands3

Missile Range, the General Equipment Test Activity, the Engineer Test Unit, and

the Research and Engineering Field Evaluation Agency. 3
Test capabilities and areas of technical content are as follows:

Airborne, Ele-etronic-, and Special Warfare; Airborne equipment; -

aircraft for air drop and transport of troops, supplies, and equipment;

field army communications equipment, including power supplies, shelters,

and security equipment; field army surveillance systems; special warfare

equipment.

Armor Board: Armored weapons, automotive and engineer materiel and

associated equipment; radiation-detection instruments.

Artillery Board: Field artillery weapons and equipment for firepower,

target acquisition, control, and ground mobility. 1

Aviation Board: Aircraft and allied Army aviation equipment; avionics

equipment for field army use.

Infantry Board: Infantry equipment and associated items; clothing and1

rations for individuals; antipersonnel mines and related equipment;

clothing for parachutists; hand-held and crew-served weapons; chemical 1
and biological warfare equipment.

General Equipment Test Activity: Nontactical surface transportation M

vehicles; transportation for difficult environments; quartermaster-type

materiel and other equipment for general Army use.

Aberdeen Proving Ground: Army weapons and weapons systems; ammunition

and ammunition components; combat and other automotive vehicles; materiel

test procedures and methods; ballistic Instrumentation; foreign materiel.

Dugvay Proving Ground: Agents, munitions, and proteetive equipment for

chemical, biological, and radiological warfare; physical, chemical, and

biological properttis of such agents; collection and diffusion of

gaseous, aerosol, and particuiate materials; meteorology; ecology;

epidemiology.

Electronics Proving Ground: Avionics, electronic equipment for signal

communication, combat surveillance, meteorological observations, auto-

matic data processing, and electronic warfare.

Erie Proving Ground: Artillery weapons; combat vehicle weapons; field f
weapons systems.

Jefferson Proving Ground:. Ammunition, munition components, projectiles, U
propellants, cartridge eases, primers, fuzes, mines, grenades.

AI
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3 •Yuma Proving Ground: Aerodynamics (retardation dilcees, flow phenomena,

stablity), controlled-impact test facilities and techniques, air delivery

"1 equlpmen-, parkaging for air delivery, geoletIc rsl'rvey materiel, weaponn4I
and arnuit-ion.

Arctic Test Center: Arctic and subarctic environmental testing procedures

and techniques.

Tropic Test Center: Tropical research and testing (techniques, equlpmen*,

- I instrumentation), tropica] deterioration, expnzore tenting, atorage and] :! packaging of chemicals, storage of toxic gases, soil slope curveys.
- ,+ Yuma Proving Ground: Desert environmental testing techniques; protectlve

! coatings and packaging.

White Sands Missile Range: Rocket engineering tests; guided missile
systems; aerial weapon interceptor systems; electronic and optical track-

ing stations and equipment.

Status: Most test and evaluation Command installations are concerned solely

with the testing of various types of materiel. A few conduct research in method-
elogy and in subjects related to their testing and evaluation activities. Inquiries
regarding such research should be directed to the Commcanding Officer at the instal-

lation conducting the research.

"is The principal type of publication issued by the Test and Evaluation Command

Is the test report. Test reports may take several forms:

(1) Formal Test Reports are issued upon the completion of the testing or

evaluation of an item or at the completion of a major phase of a test.
This is the only type of report issued by the Command that receives

i wide distribution.

_ (2) Equipment Failure Reports provide a rapid means of disseminating

information concerning individual failures discovered in equipment

undergoing test.

(3) Firing Reports are detailed data records on a round-by-round performance
during a firing program.

(4) Interim Reports are info.rmation or progress reports prepared as a result
of significant testing incidents, actions, or period of testing. Per-

tinent sections of both Firing Reports and Interim Reports will be

Included in the Formal Test Report when a project has been completed.

(5) Letter Reports are concise reports providing for quick, officialU communication of test results without the delay of formal publication.

The six Test Boards of the Test and Evaluation Command Issue between 500 and
1,000 test reports each year. The percentage of such reports bearing a security
classification differs greatly from Board to Board. Same test aotivities, for
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instance, issue few classified test reports, whereas halt the test reports of the

Infantry Board bear a security classification. The Command's other testing centers
issue approximately 1,000 test reports annually. The range of percentage of 1
classified reports is also large.

The Dugway Proving G-round publishes proceedings of symposia held at the
Installation, and the staff of the Proving Ground prepares occasional articles
fo pu•1DIeatton in scientific and to-hnical journals.l a

Contact:

Mr. G. A. Gustafson, Acting Chief
Testing Analysis & Operations Office
U. S. Army Test and Evaluation Command
Aberdeen Proving Ground, Maryland 21005
Attention: AMSTE-TA-A 5

3.3.10 ACREEL, Army Cold Regions Research and Engineering Laboratory

Technical Coverage: t
Basic and Applied Research: Physical, mechanical, and structural

properties, and behavior of snow, ice, and frozen ground; geology,
geophysics, geography, and meteorology as related to cold-regions 5
research; cold-regions environments and technology; cold-regions atmos-

pheric physics; effects of explosives; cold-room research.

Experimental Engineering: Civil, mechanical, and other branches of

engineering as related to cold-regions research; tunneling, drilling,
and excavations; mechanics of ice; snow and ice control and removal;

snow structures; trafficable surfaces; subsurface explorations; founda- *

tion engineering.

Military Construction: Structures, pavements, and utilities in permafrost

and seasonal frost areas; construction criteria for cold-regicns appli-

cation; wintertime construction techniques; frost protection for struc-

tures; frozen-ground engineering; dynamic properties and creep of frozen
soils; heat transfer; effects of soil freezing and thawing; additives

for reducing frost susceptibility of soils; cold-regions materials.

-Photographic Interpretation: Basic matter/energy relationships;
atmospheric transmission; image recording and processing; development of

methods and techniques of image analysis; definitions of limitations;
determination of reliability; determination of application of methods and

systems to problems in engineering, earth, and military sciences, as in

guerrilla detection in tropical forests and other environments; detection
of radioactive contamination of vegetation; detection of submarines and

crevasses; sea-ice sensing.
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Mission and Description: To conduct research and engineering investigations

of mow, Icg, and frozen ground for the purpose of supporting and improving U. S.

capabilities in the cold regions. The program is carrled out by the
ifoir 'echnical divisions described below:

The Researcn Division, consisting of an Environmental Research Branch

and a Materials Research Branch, is responsible for the taboratoryc•
L .&

basic recearch in the physical and mechanical properties of snow, ice,
and frozen grou•nd and their relationship to cllratl, and meteorological

The Experimental Engineering Division conducts research, development,
and investigations; provides consultat .4 ns and specialized assistance
to Improve military systems, construct an, and operations. The Division

is made up of two branches: the Applied Research Branch and the Con-
struction Engineering Branch.

The Photographic Interpretation Research Division performs research In
methods and techniques of using various energy forms to obtain Informa-
tion about surface and subsurface features in all environments.

The Tethnlcal Services Division provides technical support and specialized
consulting services, conducts instrumentation research, and manages the
publication, information, and liaison services. The Division consists of
the Measurements Systems Research Branch and the Liaison and Technical
Publications Branch.

Status: The Cold Regions Research and Engineering Laboratory and its

predecessor organizations have issued between 400 and 500 scientific and technical
publications since 1945. Basic lists of these publications are available to quali-
fied requestors. About 15 percent of these publications represent the work of
contractors. All contractors' reports, however, are prepared for publication by
the Laboratory and issued in one of the agency's three report series:

* Research Reports are either theoretical studies or reports of

laborator7 or field investigat•ons. About 20 are issued each year,
of which 10 percent bear a security classification.

* Technical Reports are generally engineering-type reports, covering

field or laboratory work of an engineering nature. About 20 are pre-
"pared each year, all of them unclassified.

Special Reports are prepared principally for record purposes and

usually cover portions of an investigation that will be reported more
fully in one of the other two report series. About five are Issued

each year, approximately 40 percent of which are classified.

vi
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Cold Regions Science and Engineering Series consists of monographs

summarizing existing knowledge and providing references for professional

engineers responsible for design or construction in the cold regions.

About one-half of all reports issued by the Cold Regions Research and

Engineering laboratory appear eventually in condensed form as artiqles In solen-l-

tific and technical Journals.

Contact: 3
Colonel Dimitri A. Kellogg, Director
U. S. Army Cold Regions Research and Engineering Laboratory
Hanover, New Hampshire 03755
Attention: AMXCR-TL

3.3.11 AHEL, Army Human Engineering Laboratories

Technical Coverage: Scientific and technical information in the two areas

of research noted below:

Systems Re.earch: Human-factors engineering analyses of military

vehicles, missile and weapons systems, munitions, comniunications, and

electronic systems and devices; systems conzept evaluation and feasi-

bility studies; prototype development; training and personnel selection

for operation and maintenance of military systems.

Supporting Research: Man-machine interactions; sensory perceptual

aspects of fire-control systems; physical, psychological, and psycho-

physiological capabilities and limitations of human operators in man-

machine complexes; experimental physehology; human output in military 3
tasks (speed, quality, quantity); environmental aspects of human opera-

tion of military systems; human-factors engineering aspects of noi-mal

and unusual military situations and environments; psychological and

physiological effects of blast and noise.

Misaion and Description: To provide assistance to the Army Materiel Coimmand 3
in resolving human-factors engineering problems, so that the operation and mainte-

nance of Army materiel will conform to the capabilities and limitations of the

soldier. In addition to performing the required research, the agency gives

courses In human-factors engineering for personnel of other Army agencies,
describing research areas, research methodology, and the contributions made by

human-factors engineering to the efficient operation and maintenance of weapons
systems and devices.

Status: The Syetems Research Laboratory conducts applied research on human 3
factors affecting the performance of current and future Army systems and devices,

for the purpose of attaining ease of operation and maintenance and minimizing the

time required for operation and maintenance training. The Laborator7 has three

lOU
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branches, each of which Is .oncerned with design man-machine relationships as

they affect the operation and maintenance of materiel for which the Army Materiel

Command has development responsibility. Systems research In usually Initiated at

the concept-evaluation or feasibIlIty-study stage of Item dcvelopment and generally

ends after the development prototype Is eval:jated. However, each branch maintains

liaison with the appropriate cos-modity cormsand to ensure the orderly application

of hmnnar-factors engineering prinziples throughout the sub-equent production, pro-

curement, test, evaluation, and user supply phases of thfe systems and devices.

The Supporting Research Laboratory determines human-factors problem areas and

conducts fundamental research for their solution in three of its branches. The

Laboratory's research in general man-machine interactions has as its objective the

establishment of a body of knowledge delimiting man's psychophyslological capa-

bilitles in the use of military equipment and systems. The Fire Control Branch
is concerned with human-factors engineering in five-control systems and devices

for simple hand-held weapons as well as for weapons with complex electronic con-
. ~trol systems. The Applied Psychophkysiology Br-anch determines the physical,

psychophysiological, and psychological capabilities and limitations of the human

operator In the man-machine complex and develops information about the speed,

quality, and quantity of human output in military tasks. The Environmental Branch

studies the effects of both normal and unusual situations and environments on the

performance of personnel using military equipment.

The Engineering Research Laboratory provides photographic, instrumentation,

and fabrication services to the other two laboratories. Its Acoustical Research
Branch collects and analyzes noise and blast data and Interprets the effects of

these phenomena on Army personnel.

The Human Engineering Laboratory isues approximately 50 research reports
each year, of which about 10 percent bear a security classification and 5 percent

appear eventually as articles in professional journals or as chapters In books.

Research reprts are issued either as Technical Memorandums, which receive a wide

distribution, or as Technical Notes, which are seldom distributed outside the
agency. In addition, a cumulative listing of reports, MILKSTMM, A DMRECT(RY OF
HUMAN ENGINEERING LABORATORIES PUBLICATIONS, Is published annually.

Contact:

Coummanding Of ficer
U. S. Army Human Engineering Laboratories
Aberdeen Proving Ground, Maryland 21005

3.3.12 ACOL, Army Coating and Chemical Laboratory

Technical Coverage: Chemical cleaning and corrosion; paint, varnish, and

lacquer; automotive chemicals, fuels, and lubricants.

9M
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Mission and Description: The laboratory Is the primary Army facility for

research, development, and evaluation of protective coating, cleaners, fuels and

lubricants, and chemicals for automotive use, Its facilities include infrared and I
ultraviolet spectrophotoneterm. gas-chromatography equipment, lIght-scattering
Instruments, low-temperature cabinets, humidity and salt-spray cabinets, accel-

erated weather machines, and an exposure Fite with a 1,flcY-ro1l,0ff-panel i
-apacity. It provides chemical services to elements of the Army Materiel Command

and consultation services to other military agencies In its fields of

Research conducted by the Coating and Chemical Laboratory is devoted almost

exclusively to applied research in the materials field, all but a small part of
which is unclassified. Contracts, accounting for approximately 45 percent of the

Laboratory's research effort, are placed with universities in direct support of

the In-house program or to perform tasks that cannot be accomplished in the -
laboratoryj.

Status: A prime objectlve of the Laboratory's research and testing is to I
provide the Army with procurement documents (specifications, standards, and hand-

books). It prepares, revises, or amends an average of 25 such documents each year

and is the Army agency responsible for revisions of Federal Tcvt Method Standard 1141
on paints, varnishes, lacquers, and related materials and Federal Test Method

Standard 791 on lubricants, liquid fuels, and related products. Its testing, I '
evaluation, and proofing activities Include a contlnuing project in qualification
testing that has established close to 50 Qualified Products Lists for use as

sources of qualified materials by the Ar-my, its contractors, and other procurement

agencies.

An average of three patent disclosures per year are prepared by the Laboratory I
on patentable materials or processes, including such items as paint-stripping
composition, solvent carbon looseners, a stop-leak composition, and a process for

inhibiting corrosion of cooling systems. About two out of every three patent dis-
closures are eventually approved and Issued an patents by the U. S. Patent Office.

Between 30 and 35 technical reports are Issued each year by the Laboratory,
reporting results of its research and development activities. Contractors produce

one or two technical reports per year. less than five percent of all Coating and
Chemical Laboratory reports bear a security classification. 3

About one-third of the laboratory's technical reports serve as the basis for

articles that appear in scientific and technical journals. i
Contact:

Technical Director
U. S. Arm$ Coating and Chemical laboratory
Aberdeen Proving Ground, Maryland 21005
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3.3.13 ANL, 1 I y Natick Laboratories

Technical Coverage: A data bank is not maintained. however, technical

Information is available in the specialized areas listed under Status.

Micslon and Descrlption; To conduct research and development in the physical,
life, and earth sciences and in engineering to meet mllitary requirements in

& a:.!gned areas. Assigned development areas include air-drop equipment; body armor, a

clothing, footwear and headgear, organic materials, and textiles; containers; food

and food service equipment; field support equipment, including printing and com-
posing equilpment; fungicides and insecticides; materials-handling equipment; petro- '

leum, oils, and lubricants; handling and dispensing equipment; and tentage and

equipage.

Research in physical and biological sciences, in environmental phenomena, -

and in human factors to be considered in development is conducted by the research
elements. Technological research leading to the development of end items is con-

ducted by the product divisions. Research and development are integrated in the

sense that research sets up many of the criteria for the design of materiel and

also serves development by seeking solutions to "bottleneck" problems, many of
which represent knowledge gaps that must be bridged before developmental progress

can be resumed.

"Status: Technical information is generated in the areas listed below.

Materials:' Camouflage materials; clothing materials; materials for use

in armor; polymeric materials, including films, foams, and structural

plastics; protective finishes applicable to clothing; containers, metal
"items; and paper-based materials. 4
Technologies: Food technology, textile technology, fuel-handling tech-

nology, applied microbiology (insecticides and fungicides), packaging
technology, rubber technology, radiation preservation technology.

Engineering; Mechanical systems and devices for transporting petroleum,
oils, and lubricants, general supplies, and general support equipment;

Individual load-carrying equipment; space heating equipment; laundries;

printing and reproduction equipment; manufacturing processes for food,
clothing, tentage, and mechanical equipment.

Basic and Applied Research: Food deterioration and measures for

preventing it; protection problems related to insects; human factors
involved in the man-machine-envirorment complex characterizing modern

militarj operations; problems relating to energy' absorption, transfer,

and storage; studies on the properties, behavior, and modification of
materials; novel concepts for Implementing military systems; engineeringJ research on processes; and radiation preservation of food.
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The work of the Natick Laboratories Is described in formal reports on progress,

in one-time reports on special problems and their solutions, in technical journal

articles, in general magazine articles, and in news releases.

Contact:

Mr. Dale H. Sleling, Scientific Director
U. S. Army Natick Laboratories
Natick, Massachusetts
Attention: AMXRES-Q

3.3.14 HDL, Harr,. Diamond Laboratories

Technical Coverage: Systems research in fuzing, ranging, guidance, and

letection; instrumentation, measurement, and simulation; elecbronic and electrical

components; nuclear weapcns effects; and basic research in electromagnetic proper- I
ties of plasma, nonlinear circuits, and lasers.

Mission and DescrIption: To conduct research and development in the physical

and engineering sciences to meet Army requirements for fuzes and other ordnance

specialities, with emphasis on electronic and electrical devices. The Laboratories

provide consulting and engineering services in these areas, fabricate models and

prototypes, and conduct development tests, including destructive testing of pro-

totypes. About 30 percent of rhe work is performed under contract by outside

organizations,

In addition to work on fuses, which includes the development, maintenance

engineering, and prototype production of proximity fuzes, time fuzes, command

fuzes, and other types of fuzes, the research and development effort: of the agency I
is concentrated in the general areas noted under Technical Coverage.

Status: The Harry Diamond Laboratories Issues a total of about 110 technical

documentary reports a year. About 30 pet cent of these bear a security classifi- 4

cation. There are three report series:

Technical Reports present results of research and development projects.

They are prepared at the conclusion of a proJect or whenever a signifi-

cant amount of information nas been developed. Approximately 100

Technical Reports are produced each year, of which 15 percent appear 3
eventually as articles in technical journals or the trade press.

Notes on Development Type Material are limited to descriptions of the I
military, physical, oz operating characteristics of items developed in

the laboratory. An average of tnree titles are issued annually.

Technical Progress Reports present periodic summaries of the agency's

researoh and development projects. Four or five are prepared each year

for higher authority or for sponsors of projects. They are not widely

distributed outside the agency.
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I
About 80 technical papers reporting the scientific and technical activities

of the Harry Diamond Laboratories appear each year as articles in the trade press

or scientific journals, or are present. d orally at scientific mectings and sym-

posia. Papers presented at meetings e usually published later as proceedings.

The agency occasionally acts as host !u symposia or sponsors symposia itself on
such subjects as impact fuzes, microm niaturization, and fluid amplification.

Director, Programs and Plans Office
Harry Diamond Tabora-torie"
Connecticut Avenue & Van Ness Street, N. W.
Washington, D. C. 20315

An additional information service at the same location is the ADRES, Army

Data Retrieval Engineering System Services.

Engineering data, such as standard and commercial drawings, specifications,

standards, and package data sheets, can be automatically retrieved from ADRES.
It contains more than 200,000 documents and is drawn on by 15 industry contractors

and 60 In-house stations. The data come from in-house Army sources and are stored
In mlcrofilm cartridges. The output forms are either visual displays or hard

copies.

The data are obtainable In approximately one week if they are in-house, or
in three to four weeks if they must be compiled.

Contect:

Mr. W. C. Staymates, Section Chief
AMXDO-EDB (712)
Harry Diamond Laboratories
Connecticut Avenue & Van Ness Street, N. W.
Washington, D. C. 20315

3.3.15 ANDL, Army Nucleor Defense Laboratory

Technical Coverage: Nuclear radiation. residual radiation, shielding,

radiological defense, and radiation effects.

Mission and Description: To conduct research and field experiments in the
nuclear-weapons-effects areas of initial radiation, residual radiation and fall-
out, shielding, and thermal radiation phenomena; to provide teohnical Information
and assistance in the fields of radiological and nuclear defense and health
physics; and to provide environmental monitoring and other radiologlcal safety
support. With the exception of projects carried out by nontractors (about 20
percent), the Laboratory's research and testing projects are conduit~d In Its
facilities at Edgewood Arsenal, where it maintains and operates ari &celerstor,
or at Government test sites.
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to Most of the research is directed toward the solution of problems of interest
to all the Military Services. Tho balance of the program is devoted largely to

research and testing aimed at solving problems in the nucleir-weapons-effects area I
unique to the Army. A small part of the Laboratory's effort Is devoted to pro-

gram support of the Atomic Energy Commission and the Office of Civil Defense and

to maintaining effective relationships with other countries in areas of mutual I
interest under Mutual Data Exchange Agreements.

Statust The Evaluations Division correlates, evaluates, and interprets data
resulting from expe-imental and theoretical studies in the field of nuclear

wdradiological warfare, and determines the significance and

applicability of research and development data to problems of military interest.

The Nuclear Chemistry Division conducts basic and applied research in nuclear
radiation chemistry, raclochemistry, physical chemistry, and general chemistry to r
resolve problems in the fields of nuclear weapons effects, radiological warfare,

and waste disposal.

The Nuclear Physics Division conducts experimental and theoretical research

in the field of niclear physics, with emphasis on the development of techniques a
for prediction, interpretation, and application of nuclear phenomena. I

The Nuclear Testing Division plans and conducts field tests in nuclear-

lprotection techniques, and operates radiation facilities to support projects of
the laborn tpsrn I

Results of in-house research performed by the Nuclear Defense laboratory
are reported in from 50 to 60 technical documents annually. There are three

series of documents: I
Technical Reports are final reports of completed major tasks.

Technical Memorandums are used for reporting uncompleted work or minor

projects and receive a limited, special distribution.

Special Publications are proceedings of symposia held at the Laboratory

or compilations of information produced as a result of committee action.

Conta__ :

Mr. Luther M. Hardin, Chief
Evaluations DivisionU. S. Army Nuclear Defense LaoratoryEdgewood Arsenal, Maryland 21010
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3.3.16 Army Libraries,-General

Each of the Army Laboratories described in the preceding sections maintains

its own library of technical reports, books, journals, and periodicals of inter-

I.est, including those published by the laboratory. Information regarding the

availability of technical reports can be obtained directly from the laboratory

concerned.

3.3.17 Defense Logistics Studies Information Exchange, Army Logistics
Management Center

Bibliography Services:

The mission of the Defense Logistics Studies Information Exchange is to

collect, store, and disseminate information about logistics and related material
for the Department of Defense. The principal method for disseminating this

information is an Annual Bibliography of Logistics Studies and Related Documents,

published on 1 January, with supplements 1 April, 1 July, and 1 October.

These bibliographies comprise citations of completed, in-process, and planned

logistics studies and related material. Most citations contain an abstract of the

content of the study, and each publication is indexed.

The published bibliographies are distributed automatically to the military

departments and other defense agencies that perform, or have responsibility for

the supervision of, logistics research. Other Government agencies and Government-

certified civilian organizations can obtain copies upon request to the Exchange.

The Bibliography contains more than 1,500 items in the logistics field, with

distribution to more than 330 activities. Requests for information may be trans-

mitted by correspondence or by telephone. The Exchange does not furnish or lend

documents. The perpetual inventory of logistics studies will be made available

at the Exchange to properly authorized personnel of the defense community.

Contact:

U. S. Army Logistics Management Center
Defense Logistics Studies Information Exchange
Fort Lee, Virginia 23801
Telephone: (703) 734-M392

(For Air Force and DSA Studies:
Mr. Robert W. Bryant)

(For DOD and Navy Studies:

Mr. William B. Whichard)

(For Army Studies:
Mr. Leon T. Scarbrough)
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3.4 Department of Defense Sources

3.1.1 ARPA, Advanced Research Pmject. Agency

Techni:al Coverage: Ballistic missile radiation analysis, ballistic missile

defense, seismic information and analysis, and remote-area conflict infor-ation. 3
Mission and Descriptionr Thte Advanced Research Projects Agency (ARPA) is V

responsible for advanced research and development projecs for the Department of

Defense.

Major subject areaz are research and engineering in nuclear-test detection,
defense against ballistic missiles, remote-area conflicts, the behavioral sciences, I
and command and control. All sizable projects are conducted by contracts with

Industr-j, other Government agencies, or nonprofit institutions. The Research and

Engineering Support Division of the Institute for Defense Analyses provides tech-
nical support to the Agency in all its areas of interest.

Objectives of each project are defined by the Advanced Research Projects I
Agency, but the contract is usually monitored by another Department of Defense

component, such as the Office of Naval Research, the Army Materiel Command, or A
the Air Force Systems Command. Some contracts involving more than one service 4
are handled through the Office of the Secretary of Defense and are monitored

directly by the Advanced Research Projects Agency. When such a project has

advanced to the stage where results require exploitation, or when the military
application of a project answers a specific need, the project is generally turned

over to one of the three Military Departments. 3
"To maintain an efficient exchange of information in the performance of its

interagency functions, the Advanced Research Projects Agency supports four centers

for collecting, evaluating, and disseminating information in major research areas

of interest to the Agency. Principal subject areas are defens against ballistic

missiles, remote-area conflict, and selsmic data analysis and techniques. In

addition to reports and data generated by the Agency's am programs, sources of
Information include foreign literature, journals, monogaphs, a" "Parts,

patents, wprooessed data, -and all reports; produced urder Governmet. sponsorship

fIm partinest subject fields. ýTtorm-ticon I& dissemitated In the- O- ot technical
sumnaries, state-of-tb--art reports, and spec4 li enalustis%,stu•dI,. Because of
the sensitive, highly specialized nature of the Infotmtin,' It Is made qvailable 5
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SI en a need-to-know basis only, to other military agencies, to certain nonmilitary

Government agencles, and to research institutions engaged in similar research and
development. The four information centers are operated under contract.

Status: The Advanced Research Projects Agency issues a technical journal
reporting research and development in the field of defense against ballistic

missiles -- Journal of Missile Defense Research. This quarterly Jourral, which
Sjbegan publication in October 1963, is classified SECRET, and its distri.bution is

based on need-to-know Qualified Government agencies and contractors wishing to
be placed on the primary distribution list should request application forms fromj the Technical Information Office, Advanced Research Projects Agency, Washington,
D.C., 20201. Secondary distribution to qualified Government agencies and con-

tractors is handled Ly the Defense Documentation Center.

I Most other publications of the agency taKe the form of technical reports,S" including specle] studies and bibliographies, prepared by the agency's contractors.

A large percentage of these bear a security classification and have a limited dis-
tribution. Technical reports are forwarded to the Defense Documentation Center.
Unclassif'ed reports and those suitable for wide distribution are released by the
Center and sold to the oublic by the Clearinghouse for Federal Scientific and

I Technical Information, 5285 Port Royal Road, Springfield, Virginia, 221i1.

Contact!

SCnMr. Fred A. Koether
Advanced Research Projects Agency
Room 2B-263, The Pentagon"•1 Washington, D. C., 20301

J Telephone: (202) 697-89o4

3.4.2 BDIAC, Battelle-DEFENDER Information Analysis Center

Technical Coverage: Ballistic missile defense, penetration aids, decoy
technology, electromagnetics, electronic countermeasures, flight mechanics,
vehicle dynamics, nuclear effects, and re-entry systems' vulnerability.

Mission and Descriptlon: Battelle-DEFENDER Information Analysis Center
(BDIAC) is a center for the collection, review, and analysis of scientific and

Ti technical information resulting from, and pertinent to, the Advanced Research
Projects Agency (ARPA), Project DEFENDER, a coordinated program of basic and
applied research to provide the basis for possible systems of defense against
ballistic missiles and other exoatmospheric weapons.

Project DEFENDER, which was established in 191i8, is concerned with advanced

research that stresses the exploration of radically new techniques and the study
of novel system concepts in the area of ballistic missile defense.TI!
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The Center collects, processes, and analyzes information In all disciplines U

conoerning research In defense against ballistic missiles; provides functional

information system to monitor existing and proposed work; perfonos analyses and

undertakes studies of critical system problems; prepares state-of-the-art reports,

technical summaries, compendiums, and annotated accessions lists; and provides

Information services to the DoD ballistic missile defense community.

Status: Battelle scientists and engineers, at the request of ARPA, conduct

technical studies %n ballistic missile defense and penetration aids. On the

basis of this continuing participation by Battelle specialists, technical consul-

tation services are readily available to ARPA on pertinent subjects such as decoy

technology, eleutromagnetics, electronic countermeasures, flight mechanics,

vehicle dynamics, nuclear effects, and re-entry systems' vulnerability. Research

reports, state-of-the-art reports, and topical reports are issued to ANPA and are

available through the Defense Documentation Center.

BDIAC collects, analyzes, indexes, and stores the classified and unclassified

scientific and technical reports produced by and for the Government in R&D projects

pertinent to the Project DEFENDER. Special files based on detailed indexing have

been developed to enable rapid access to information in the collection, and per-

sonal assistance is provided to cleared visitors to the Center in using the files

and the report collection.

The Center prepares and issues a monthly annotated accession list of reports

added to the system during the month and, on the request or approval of ARPA,

issues other publications such as special bibliographies. BDIAC services do not

include secondary distribution of reports.

BDIAC facilities are accessible to personnel of ARPA and other Government

agencies. Visit clearances are to be directed to the Battelle Security Office. I
In addition, ARPA-approved Government contractors may have access to BDIAC. A

visit clearance from the Security Office of the visitor's company, bearing the

approval of the visitor's Contracting Officer, should be directed to the Battelle

Security Office as early as possible in advance of the anticipated visit.

Contact:

Mr. Fred A. Koether
Advanced Research Projects Agency
Room 2B-263, The Pentagon
Washington, D. C., 20301
Telephone: (202) 697-8904

Performing organization: I
Mr. Robert S. Kohn, Director
Battelle-DEFENDER Information Analysis Center
Battelle Memorial Institute
505 King AvenueColumbus, Ohio 43201
Telephone: (614) 299-3151, Ext. 2671
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3.4.3 BAMIRAC, Ballistic Missile Radiation Ai;alysls Center

Technical Coverage: Ballistic missile phenomena, with primary emphasis on

optical radiation.

"" Mission and Staluo: To collect, process, and disseminate information on the
theory and technology associated with ballistic missile phenomena that may bE
Suseful ir the design of deeense systems. To analyze and evaluate theoretlcal and

experimental results rfom the radiation measurements programs, with primary empha-
- •sis on the optipý! radiation emanating during the launch, mid-course, and re-entry

regimes zf nissile flight. To conduct semiannual AMRAC symposia and publish and

distribute proceedings.

In addition to its data collection and dissemination activities, the Ballistic
Missile Radiation Analysis Center at the University of Michigan conducts a semi-
annual symposium on the subject of antimissile research. Technical information

presented at this symposium is distributed promptly in the form of proceedings to
a mailing list of several hundred addressees.

Co:;ta ct:

Mr. Fred A. Keother
Advanced Research Projects Agency
Room 2B-263, The Pentagon
Washington, D. C., 20301
Telephone: (202) 697-8904

Performing organization:

Mr. D. J. Lovell, Director1 Institute of Science and Technology

University of Michigan
P. o. Box 618
Ann Arbor, Michigan 48107
Telephone: (313) 483-0500, Ext. 349

3.4.14 DASA, Defense Atomic Support Agency

Technical Coverage: Nuclear-weapon-effects research testing and safety
mechanisms; training and evaluations of test results.

J• Mission and Description: The Defense Atomic Support Agency (DASA) is staffed

jointly by all three Services and by civilians. It was established in 19 46 as the
Armed Forces Special Weapons Project and was given its present designation in 1959.
It is responsible for consolidated management and direction of the Department of
Defense nuclear-weapon-effects and nuclear weapons test program, and for providing

staff advice and assistance in these areas to the Secretary of Defense, the Joint

Chiefs of Staff, and other DoD components, as appropriate.

The Defense Atomic Support Agency acts as the Department of Defense4~l coordinating agency in carrying out nuclear-weapon-effects research. It is
responsible fortincorporating military requirements and effective safety mechanismsJ 11



into proposed nuclear weapons (the Atomic Energy Commission is responsible for the

weapons' nuclear components). The Agency also supervises nuclear-weapon-effects

tents for all three military Departments and compiles information on weapons 5
effects resulting from tests and theoretical studies. It analyzes and evaluates

this information and disseminates it to appropriate agencies for use in future

weapon-effects programs and in the preparation of operational plans. Its responsl-

bilities In the training program range from 1-day briefing courses, through

specialized training for technical operation of nuclear weapon systems, to 2-year

technical courses culminating In a graduate degree.

Status: Most of the activities of the Defense Atomic Support Agency are

classified. Field and laboratory activities are conducted by three subordinate

organizations. The testing and data-collection program are the responsibility of
the DASA Weapons Test Division, located at Sandia Base, Albuquerque, New Mexico; 9
the Agency's Field Command, also at Sandia, supervises the National StockpileU

Sites. A second subordinate unit, Joint Task Force EIGHT, plans and conducts

overseas nuclear tests in the event such tests are required. A third unit, the

Armed Forces Radiobiology Research Institute, a nuclear reactor facility located
at the National Naval Medical Center, Bethesda, Maryland, conducts advanced studies

and research on the biomedical effects of radiation.

Most publications issued over the name of the Defense Atomic Support Agency

have been prepared by other organizations. Most are classified. Technical

reports suitable for wider distribution are forwarded to the Defense Documentation

Center for secondary distribution. Unclassified reports suitable for public

release are sold by the Clearinghouse for Federal Scientific and Technical 1
Information.

Reports of nuclear weapons tests supervised or coordinate by the Defense t
Atomic Support Agency are published by the Atomic Energy Commission's Division of

Technical Information Service Extension, Post Office Box 62, Oak Ridge, Tennessee,
37361, although they are generally prepared by the organization conducting the

test. Unclassified weapon-test reports suitable for open publication are sold by

the Clearinghouse for Federal Scientific and Technical Information.

Contact:
Director, Technical Information
Defense Atomic Support Agency
The Pentagon
Washington, D. C., 20301

3.4.5 DASA DAte Center IN

Technical Coverage: Effect of nuclear explosions on electromagnetic

propagation; effect of electromagnetic pulse on electrical and electronic

material; air-blast field predictions; blast scaling; blast loading and response,
blast simulation techniques; hardened instrumentation; ionospheric instrumentation;

oomputer programs used in NM studies. 5
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Mission and Description: The Center was established in 1961 by DASA to serve

as a central collection point and reference center for all technical infornmation

pertinent to the effects of nuclear explosions. Its servi-es are available to all

""•t;pon:.lbte agencies and Individuals conducting scientific Investigations into the

*! nature of nuclear weapon effects and their implications for present and future

mil•ltaiy zystems. The Center enables rapid access to data from a wide varletj of

sources; announces, through its own publications, protected data-collection pro-

grams, theoretical investigations, and experiments; frees other agencies from the

responsibility for servicing requests for data- and forms a permanent archive of

these data. 4

The DASA Data Center acquires information from many organizations engaged in

research studies related to the NWER (Nuclear Weapons Effects Research) program.

In addition to the collection af experimental data from past nuclear and non-

nuclear test programs, the Center regularly receivez weapons test and NWER reports

generated by scientific groups under contract with DASA and other DoD and govern-

ment agencies. The Division of Military Applications of the Atomic Energy

Commission has authorized release of AEC reports to the Center-, and these supple-

ment the DoD report collection. Unclassified data from various foreign labora-

tories are also collected to aid in determining the nature of close-in and world-

wide disturbances in the geophysical environment induced by nuclear detonations.

Status: The Center provides critical reviews of data and analyzes specialI

technical problems for DASA/DoD. Guides to the available experimental data are

prepared, with evaluations of the data and military system implications. Surveys

of test facilities, summaries of special instrumentation developments, and state-

of-the-art reviews are also prepared In response to the needs of qualified users.

Computer Program Library: The Center maintains and continuously updates a

Computer Program Library of basic nuclear-weapon-effects computer programs and

related documentation. The Center collects and evaluates certain programs that

may be released to authorized users upon request. In oases where the programs

are extremely large and complex or are still in development, the Library maintains

basic information on the program but refers inquiries to the organizations develop-

J Ing the program. Program areas include EM blackout, geomagnetics, fluid dynamics,

blast-wave propagation, and Ionization. Information on new computer programs and

advanced computer program work is regularly announced in Data Center publications.

--- In addition to direct contacts and communications with the scientific

community, Data Center Infortmation is disseminated via formal publications. The3 majority of these documents are classified, and distribution is controlled by

"Headquarters, DASA.

4| The Bibliography is a bimonthly compendium of abstracts of recent pertinent

Li reports and descriptiL-, of lata deposited at the Center, Subject and author

U indexes are periodically included.
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The Review is a quarterly technical Journal for articles concerning current

NWER studies and ,elated topics of interest to DASA and DoD. Thi3 publization,
designed to provide Informal communication between researchers, may include
articles, letters, and memoranda classified S/RnD.

Special Reports are prepared to disseminate detailed information of current
interest. Typical examples of Special Reports are surrartcs of projected measure- I
ments prior to an experimental program and early evaluations of such programs,

surveys of test facilities, instrumentation developments, advanced computer pro- 1
gram Work, and symposia and conference proceedings.

Special bibliographies, litelo cure surveys, and special studies of an Interim j
nature are published when requested or in anticipation of special needs, such as
those of DASA working groups.

Contact:

Colonel J. D. Brown, USA
Defense Atomic Support Agency
The Pentagon
Washington, D. C., 20301

Telephone: (202) 697-4227_ _ _ _I

Performing organization:

Mr. Warren W. Chan, Manager
DASA Information & Analysis Center
TEMPO, General Electric Company
816 State Street
Santa Barbara California 93102
Telephone: (A05 ) 965-0551

3.4.( WSEG, Weapons Systems Evaluation Group

Technizal Coverae: Weapons systems evaluations and studies. T

Mission and Description: The Weapons Systems Evaluation Group is composed
largely of civilians from the Weapons System Evaluation Division of the Institute W
for Defense Analyses, the DoD-supported non-profit corporation, which also pro- 4
vides support to the Advanced Research Projects Agency. The Group analyzes and
evaluates weapons systems under proJected conditions of war and studies the influ- 1
ences of weapons systems on strategy, organization, and tactics. These services, S
most of which are classified, are performed for the Joint Chiefs of Staff and other
Department of Defense offices concerned with operations analysis.

Stat'As: Publications of the Weapons Systems Evaluation Group are largely

special studies prepared for Department of Defense offices concerned with opera-
tions analysis. Most of these studies bear a security classification. A few
unclassified studies are released for general distribution and sold to the public

by the Clearinghouse for Pederal Scientific and Technical Information.
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Director, Technical Information
Weapons Systems Evaluation Group A
The Pentagon
Washington, D. C., 20301

3. 4 7 DSA. Eeferiae 3upply Agency

L Tcchrnicsa Coverage: Documentaoion in all areas cf Department of Defense

interes..

Mission and Description: The Defense Supply Agency (DSA), with headquarters

at Cameron Station, Alexandria, Virginla, 22314, contributes to the technical

information program through the issuing of publications related to the standardi-
zation and specification of Defense equipment and supplies and through its field

activity, the Defense Documentation Center for Scientific and Technical Informa-
tion. The scientific documentation activities of the Defense Documentation Center,

which serves all three Military Departments and their contractors, are the most

extensive of all the agencies in the Department of Defense.

Status: Most technical publications issued by the Defense Supply Agency --

with the exception of those originating in its field activity, the Defense

Documentation Center -- represent the work of other DoD activities and research
and development programs. They are related largely to the standardization of

"equipment and supplies. Many of these publications, like the following example, r

are sold by the Superintendent of Documents of the U. S. Government Printing

Office:

Department of Defense Index of Specifications and Standards.
"t •A consolidated edition of the Index of Military Specifications and

Standards, issued separately by the three military Departments until
July 1963; subscription price Includes two p arts in looseleaf form,
with cumulative supplements ($15 per year, $5 additional for foreign

Z mailling).

Contact:

Defense Documentation Center
Defense Supply Agency t
Building 5, Cameron Station
Alexandria, Virginia 22314
Telephone (202) 698-1864

"1 3.4.8 IAC, Information Analysis Center

Technical Coverage: Shock and vibration, chemical propulsion, counter-

insurgency, hibernation, entomology, remote-area conflict.

Mission and Description: The Department of Defense supports a nwnber of

Certers for Analysis of Scientific and Technical Information -- more oftenI referred to as Information Analysis Centers. Centers are operated by the
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sponsoring milltary or, tzatlonr or are contractor-operated under the management
;'pervieior of one of the Ar-med Servl-es, in some cases with the support and

pa-ticipation of the other Services or Government agencies,

Eazh Information Analyein Center tz responsible for speclfic 3ubject matter.

The subject area may be oriented to a single scientific or engineering discipline,

to a military undertaking of special DoD interest, or to a cpeolfic large weapon

system requiring an interdisciplinary approach.

Statufs. An•ual reports, directories, and other formal publications of
Department of Defense Information Analysis Centers receive secondary distribution

oy the Defense Documentation Center. Unclassified documents on which there are

no distribution limitations are offered for sale by the Clearinghouse for Federal

Scientific and Technical Information.

There are 21 centers for Information Analysis in operation. Those not

described elsewhere in this document under the appropriate military branch are

described below.

The Shock and Vibration Information Center is operated by the Naval
Research Laboratory, Washington, D. C. It specializes in information on

environmental factors (shook, vibration, temperature, pressure, and

radiation) as they affect new and developmental equipment of Government
agencies and their contractors. Emphasis Is on methods of mitigating or

preventing adverse effects.

The Chemical Propulsion Information Agency Is a component of the Applied

Physics Laboratory of Johns Hopkins University, Silver Spring, Maryland.

Administered by the Bureau of Naval Weapons, it has the participation of
the Army, Navy, Air Force, Advanced Research Projects Agency, and the 3
National Aeronautics and Space Administration. It collects and dissemi-

nates Information on all phases of chemical rocketry. It serves the
entire rocket community and supplies the Interagency Chemical Rocket
Propulsion Group with Information in specific areas to aid managerial

decisions and to minimize duplication in Goverrment research and
development.

The Counterinsurgeny IInformation Analysis Center was established in
1964 at the Special Operations Research Office of American University,

Washington, D. C. Sponsored by the Army with the participation of the 5
Advanced Research Projects Agency, It is under the management supervision

of the Army Research Office. Its objective is a rapid-response system

for the effective sorting and retrieval of raw data and completed studies
on the social, psychological, and economic aspects of counterineurgency

and remote-area conflict.
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*,The Hibernation Informaý Ion Exchange, sponsored by the Office ol Naval

Research Branch Office, Chicago, specializes in Ilnforation on natural

2 •hibernation and on all related torpidities and donnancies in living
treatucre, inc.lidIng slcep and hypo'hernia. Its collections of books and
data, both Unitcd Status and foreign, are available for use by all recog-

nlzed specialists.

The Military Entomology Informatlon Service, operated by the Armed Forces
Pest Control Board under the management of the Army Medical Research anC

Development Command, is located at the Forest Glen (Maryland) section of

the Walter Reed Army Medical Center. It maintains entomology infermation

by geographic areas of acttve or probable military interest. Its services

are made available to organizations and individuals whose fields of
interest coincide with those of the Control Board.

The Remone Area Conflict Information Center, also at Battelle Memorial
Institute, Columbus, Ohio, is sponsored by the Advanced Research Projects

Agency. It collects, stores, and disseminates information on remote-area
conflict and counterinsurgency, with emphasis on the physical and engi- X

neering sciences. (The Counterinsurgency Information Analysis Center

emphasizes the social, psychological, and economic aspects of the subject.)

Contact:

Director, Technical. Information
Defense Information Analysis Center
The Pentagon
Washington, D. C., 20301

or submit inquiries directly to the Centers.

3.4.9 DDC, Defense Documentation Center

Technical Coverage: Documentation on scientific and technical information.

Mission and Description: The Defense Documentation Center for Scientific

and Technical Information (DDO) is a field activity of the Defense Supply Agency
of the Department of Defense. It makes available from one central depository
thousands of research and development reports produced each year by U. S. military
organizations and their contractors.

The Center is under the direction of a civilian Administrator and Deputy

Administrator and employs about 500 civilian personmel. In addition to the head-

quarters Field Service office at Alexandria, Virginia, the agency maintains Six
Field Service offices located in areas of high concentration of Defense Industry,

which provide local liaison and services to Government agencies, contractors, and

grantees.
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SI
The primary mission of the Defense Documentation Center Is to pmovide the

efficient Interchange of militar7 research and development information among

defense and other U. S. Govenrent agencies and their contractors and grantees.

This is accomplished by: (1) receiving, storing, and announcina practically all

reports, with the exception of Top Secret documents and a few reports in other
highly sensitive areas, that formally record scientific and technical results of2

research, development, test, and evaluation activities conducted by the Department

of Defense and its contractors; (2) providing timely release of these documents

on re-quest, without char&e, to registered organizations; and (3) providing bibli-
ographic services essential to the maxim•m use of the technical documents in its

collections. At present, the Center services about 1-1/4 million requests annually

from approximately 1,000 Army, 700 Navy, 2,000 Air Force, and 300 other Federal
agencies, and about 2,000 military contractors and grantees. It also serves all
agencies of the executive branch and their contractors and grantees, as authorized. S

Status: Government and non-GoverrLment organizations that qualify for DDC

services receive the Technical Abstract Bulletin twice each month and are entitled

to request reports from the agency's collections that lie within their fields of

interest and the security level of their work. DDC users may request biblio-

ographies of reports in appropriate subject fields and may avail themselves of the

special services provided by the Field Service offices whose addresses are given

below.

Since DDC was created to serve the military, all components of the Department

of Defense are entitled to its full services upon official request. Services are

now extended to all Government agencies of the executive branch.

Prime contractors, subcontractors, potential contractors, and grantees

participating in the research and development programs of the Government can be

served only after application has been mdc io tl-..e 6ponsvrick a~enrcy, and the

sponsor has approved a Field-of-Interest Register (FOIR) and forwarded the FOIR

to DDC. If the release of classified documents is involved, the contractor must

execute a Facility Clearance Register to be authenticated by the cognizant security

office. The sponsoring agency notifies DDC of changes in contract or security

status as they occur. When requirements exceed authorized need-to-know, the con-

tractor may request the sponsor to extend the Field-of-Interest Register.

DDC Field Service Offices. Engineers and scientists working on militaryj

research and development projects are invited to make use of the special assist-

ance available at any of the DDC Field Service offices, conveniently located in

U. S. defense-industry areas. Each of these offices maintains bibliographic data, U
"Including abstracts of DDC reports. Trained personnel furnish assistance in
literature searches within visitors' approved fields of interest. Microfilm

copies of DDC reports (including all current reports) are available for immediate

review. Reader-printers enable readers to reproduce copies of desired pages wile "efI
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rev'ewing ml-mofilmed dor.l;ments. Prcfessional assistance Is furnished on problems

-onnected with DDC procedures and on the use of the Technical Abstract Bulletin,

its indexes, and other reference aids issued by the agency. Telex lines provide

rapid communication with DDC headquarters; all seven Field Service offices have

access to the headquarters computer for bibliography searching. Representatives

of the offices explain and interpret DDC service to new and potential users in

their geographic areas.

Addresses and phone numbers of the Field Service offices are given below.

The Headquarters Reference Service at Alexandria, Virginia, serves as a field

office for the Washington, D. C., area.

New York Area:
DDO Field Service Office
146 Broadway, Room '01

New York, New York 10013
Telephone: (212) 962-58r8

Huntsville Area:

Redst.one Scientific Information Center
DDC Field Service Office
Building 4484, Room 230
Redstone Arsenal Alabama 35808
Telephone: (208) 876-1027

Dayton Area:
DDC Field Service Office
Area B, Building 47
Wright-Patterson AFB, Ohio 45433
Telephone: (513) 253-7111, ext. 35212

San Francisco Area:

DDC Fie.id Service Office
International Science Center
452 De Guigne Drive
Sunnyvale, California 94086
Telephone: (408) 245-4501

Los Angeles Area:

i* DDC Field Service Office
Los Angeles AF Station
AF Unit Post Office

.in iLos Angeles, California 900•65
.. ] Telephone: (213) 643-0236

Boston Area:
DDC Field Service Officej Building 1210
Laurence 0. Hanscom Field
Bedford, Hassachusetts 01730
Telephone: (617) 274-6100, ext. 2055

Washington Area:z

DDC Field Service Office
Cameron Station
Alexandria, Virginia 22311
Telephone: (2O0) 698-12_4
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3.4.10 HEIA3, Human Engineering Information and Anal1sis Service

Technical Coverage: Human factors engineering and analysis. I
Mission and Description: Document acquisition; abstracting and coding of

documents; preparation of indexing or categorizing schemes; and dissemination of
human factors information in the for'm of user products such as an annual annotated 4
bibliography of the literature, special bibliographies covering specific topic

areas, and critical reviews of topic areas.

Status: Brief answers to inquiries are provided on a consulting basis in the
fields of coverage. The most common form of dissemination consists of annotated
bibliographies. Data extractions are made from a library containing 28,000 docu-
ments on the subject, upon request.

Contact: I
Mr. F. X. Wright
Army Recaarch Office
Washington, D. C., 20315
Telephone: (202' 694-32 3

Performing organization: I
Dr. Paul G. Ronco, Director
Human Engineering Infornatlon & Analysis Service
Tufts University Systems Building
Medford, Massachusetts 02155
Telephone: (617) 776-21C0, ext. 336

3.4.11 SVIC, Shock .nd Vibration Information Center

Technical Coverage: Mechanics, mechanical engineering, shock and vibration.

Mission and Status: To serve the Department of Deferse, the National
Aeronautics and Space Administration, and their contractors by the collection,
correlation, and dissemination of needed information on the environmental factors

of shock and vibration.

Contact:

Code 104
Orfice of Naval Research
Washington, D. C. 20360

Performing o~antzatlon:

Dr. W. W. Mutch, Director
U. S. Naval Research Laboratory
Washington, D. C. 20 90
Telephone: (202) 574-222 U
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3.14.iK The Pentagon Library

*: Library Services;

Libraries serving the three Military Departments of the Department of Defenrd
are described under other sections of this document coverlng the scientific Infor-
mation available. There is no large central library under the jurisdiction of

,• DcD Headquarters. The former War Department Library was consolidated in 1944 with
several other military libraries in the Washington, D. C. area and renamed the

-- Army Library. Located in the Pentagon, the Army Library serves Department of
SDefense Headquarters, the Army, and all other DoD components in the Pentagon, as

well as the general public.
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3.5 Atomle EnerZg. Commisl-on Sources

3.5.1 AEC DNvision of Technical Information

Technical Coverage: Nuclear science and relatee sciences

Misst)n and Deecription: The Division of Technical Information plans,

directs, and operates a comprehensive nuclear technology informatlon program to

meet the needs of the Atomic Energy Commission, its contractors, other Government
agencies, industry, and the world technical commuvity. It establishes ABC stand-

ards, policies, and procedures for the reporting and dissemination of technical

information developed through AEC research and development. Principal activities

of the Division are divided between. the Headquarters office and the Division of

Technical Information Extension.

Status: Headquarters activities include management of AEC systems for

exchanging, processing, controlling, and publishing technic' "nformation, as

well as liaison with other Government technical information activities. A special

publications program includes the preparation and publication of technical books,

handbooks, monographs, periodic technical progress reviews, and proceedings of

scientific meetings. An exhibits group ia responsible for the planning and admin-

istration of an exhibits program to inform U.S. students, teachers, and the lay

public of the fundamentals of nuclear technology and its applications. The exhib- 4
its group is also responsible for the preparation of educational booklets and

brochures; for AEC participation in domestic exhibits sponsored by professional

societies, industrial groups, and Government organizations; and for the management

of technical information centers at foreign exhibitions and scientific conferences.

Contact-

Division of Technical Information
Headquarters, Atomic Energy Commission
Germantown, Maryland

3.5.2 AEC Division of Technical Tnformation Extension *1

Technical Coverage: Nuclear research and development

SMissIon and Deseription: The Division of Technical Information Extension-

performs numerous publishing, cataloging, and reference fanctions, including the

acquisition, organization, reproduction, and dissemination of technical Irx'orm&-

tion In support of ABC research and development, civilian application of weapons,

and intemationla cooperation activities.
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Status: The principal guide to the unclassified wurld literature or, atomic

energy, Nuclear Science Abstracts, is prepared by DTIE, as are Atstracts of

Classified Re-ports and Research and Development Abstracts. The Ertensioi. operates

the AEC Reference Center and provides editorial and technical writing services to

participants in the AEC technical information program. It also furnishes illus-

trative, photographic, and copy preparation services.

Complete details of AEC's technical information services will be found in 4

TID-485 (4th Rev.), November 1962, Technical Information Services of the United

States Atomic Energy Commission, available without charge from the Division of

Technical Information Extension.

Contact:

Division of Technical Information Extension
P.O. Box 62
Oak Ridge, Tennessee 37831
Attention: DTIE Information

3.5,_• AEC Research and Development Divisions

Technical Coverage: See description by division under Status, below.

Mission and Description: To maximize the application of atomic energy to

scientific and industrial progress by conducting and sponsoring basic research

in nuclear science and in other related sciences and by developing the peaceful

uses of atomic energy. Additional contributions to scientific and industrial

"progress are made by the AEC program for disseminating technical information

and its programs for industrial participation, international cooperation, and

education and training.

As the national defense and security demands, these divisions manufacture

nuclear and thermonuclear weapons, Including the production of fissionable

"* :material and other nuclear substances, and develop reactors for specific military

applications. They also control the release of classified atomic energy Informa-

tion and render technical support to U. S. efforts toward achievtng tnternattrnal

control of atomic energy.

jThe divisions protect the public from potential atomic-energy hazards,

exclusive of civilian defense aspects, through their licensing and regulatory

activities, through research on the biological effects of radlation contributing

3to improved radiation protection standards, and through research Into the char-

acteristics and effects of radioactive fallout.

Status: The mission objectives are accomplished through research a-;1

development in the areas described below by the Divisions indicated.
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The DivisiOn of Researarh conducts and sponsors research in areae of the

plysical sciences related to the atomic energy program, including physics,
mathematics, chemistry, metallury, materials, and controlled thermonuclear

reactions. Particular attention is given to the design ýnd construction of

complex enuipment and special research facilities. 3
The Division of B13'logy and Medicine directs resear-;i in the fields of

medicin ., biology, and L-nvircfljental studlca related to the atomic energy

program, Including the biological applications of radioistopes. It develops

criteria for the design of civil defense construction and ýidminlsters a program

e -vefdnt all phases or the development and testing of radiation detection 3
instruments. In the Division's Clvil Effects Test Program, neutron and gamma

radiation from nuclear weapans is analyzed to correlate physical data on radia-

tion doses with medical data collected by the Atomic Bomb Casualty Commission.

The Division of Isotopes Development encourages industrial production and

distribution of radioisotopes. This Division also has a development program in 3
high-intensity radiation, designed to increase U.S. knowledge of the interaction

of radiation and matter. and a program on radioisotope source design. Studies

in ionizing radiation Include the productive use of radioactive wastes from an

expanding nuclear-power economy.

The Division of Reactor Development Is responsible for the development of

nuclear reactor systems and associated chemical-processing and waste-disposal
,perations, Including varlou.- typed of reactors and reactor components for ship

propulsion, militar" purposes, aeronautical and space missions, generation of

electric power, and other civilian purposes.

The Division of Military Applications produces, tests, and stores nuclear

weapons. Emphaeis in research and development Is on compact, Immediately ready,

and more rugged weapons for use In advanced weapon systems. Some laboratory

effort is devoted to the detection of nuclear explosions underground and in outer

space.

The Division of Peaceful Nuclear Explosives directo the program commonly ii
known as Plowshare to develop peaceful uses for nuclear explosives. Peaceful

applications under study Include excavation, mining, water-resource development,

oil recovery, and scientific research In physics, chemistry, and seismology.

The Division of Raw Materials Is responsible for the discovery and extraction

of ores yielding fissionable or potentially fissionable materials. Exploration i
is conducted in part through contractual arragpements With the U.S. Geological

Survey, the Bureau of Nines, and private industry.
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* t The Divs-crn of Production Is reaponslble for the pr'cductlcn cf special

nuclear materials, Including the preparation of feed materials 3nd the conduct

of related procesz development.

The Division of Cperatlonal Sdfety deveiops and recuwaverlds policies, g.ulies,

and requirements fcr the protection of Goverunent and AWC contractor personnel,
the public, and property from hazards resulting from AEC operatiorn, Including

!ndtustrflil heal,!;, Safot?? fire protectlion, ancd radI.L.t~c ,vLecLlon.

Contact:

Division of Tee;bmical Information
Headquarters, Atomic Energy Commission
Germantown, Maryland

3.5.4 AEC Data Centers

Technical Coverage: See description of individual centers under Status,

below.

Mission and Description: The specialized information and data centers are
supported either wholly or partially by the Atomic Energy Commission. Although

these centers are operated primarily to serve the technical community in their

respective fields of activity, many of their publications are available to the

public. Inquiries regarding services or publications should be directed to the
specific center of interest. General queations regarding AEC Information Centers

or a--rvices should be directed to U.S. Atomic Energy Commission.

Status: Tie following centers are in operation:

Nuclear Safety Information Center, Oak Ridge National Laboratory, P.O. Bex
Y, Oak Ridge, Tennessee. The Nuclear Safety Information Center was organized in

1963 to assist in coordinating the national effort in nuclear safety research

and development. Initial activities were limited to six specific areas; (i)

containment of nuclear facilities; (2) fission-product release, transport, and
removal; (3) nuclear Instrumentation, control, and safety systems; (4) radioactive

effluent control, monitorinig, movement, and dosage; (5) reactor transients,
kinetics, and stability; and (6) meteorological considerations In nuclear safety.

Services will Include preparation of review reports and memoranda, interpretation

and evaluation of information on specific subjects, and answering of technical

Inquiries.

Research Materials Information Center, Oak Ridge National Laboratory,

P.O. Box X, Oak Ridge, Tennessee. The Research Materials Information Center

was organized In 1963 to serve as a clearinghouse for technical data (degree

"of purity, "*4urity atoms, crystalline form, etc.) on availability, ehareeterIs-
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tics, uses, and methods of production of very pure materials used in solid-state j
research; organic compounds and pure radioactive isotopes are not included. No

attempt is made to list materials available in regular, large-scale commercial

production. The Center plans to issue periodic bulletins.

i Radiation Shielding Information Center, Oak Ridge Eational Laboratory,

SP.O. Box X, Oak Ridge, Tennessee. The Radiation Shielding Information CenterS was established In 1962 to asast in solving radiation problems related to
Sreactors, nuclear weapons, and apace. Initially the Center will provide Informa-t tion shielding against radiation from reactors. The Center collects, evaluates,

anddisseminates shelding Information by means of bibliographies, monographs,
newsletters, and answers to inqu~rles. It plans to evaluate critically the I
various computer codes oriented toward shielding problems.

Reactor Physics Constants Center, Argonne National Laboratory, 9700 South

COss Avenue, Argonne, Illinois. The Reactor Physics Constants Center was estab-

lished in 1956 to gather and evaluate reactor-physics data and to publish a

compilation of selected data. The Center covers physical data on reactor constants

(nuclear-physics data pertinent 'o diffusion lengths, migration lengths, Fermi 4
age, Mlowing-down constants, etc.). Services include special nonperiodic publi-

cations, newsletters, answers to technical inquiries, and technical evaluations,

which compare theoretical and experimental results.

Reactor Cross Section Evaluatlon Group, Brookhaven National Laboratory,

Upton, Long Islan-, N.Y. The Reactor Cross Section Evaluation Group, established
in 1960, issues analyses and evaluations of reactor cross-section data based on

all available information, published and unpublished. The Center covers thermal

cross sections, resonance parameters, cross-section curves, and angular distri-
butions for elements and isotopes. Services include special nonperiodlc state-
of-the-art reviews, correlations, and newsletters. The Center also answers
technical inquiries and supplies information on available cross-section data on

request.

Neutron Cross Section Compilation Group, Brookhaven National Laboratory,

Upton, Long Island, N.Y. The Neutron Cross Section Compilation Group, operating

since about 1954, gathers, reviews, and systematically files all obtainable data
on the neutron cross sections of materials. A reference index is maintained for

the convenience of users. Compilations of data are published at nonperiodle

intervals. 3
Neutron Cross Sections, Lawrence Radiation Laboratory, University of

California, Box 808, L.Lvermore, California. The Lawrence Radiation Laboratory

collects, collates, evaluates, Interprets, and publishes experimental data
on measurements of neutron cross sections ror all reactions with neutron energies
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between 0.001 and 15 Mev. Differential as well as integral cross sections for

all isotopes are covered. Services include periodic publication of answers to

technical questions, and technical consultant services to Government-sponsored
activities.

Charged Particle C:oss Section Information Center. Oak Ridge National
Laboratory, P.O. Box X, Oik RidgeTennessee. ThiBs Canter collects and evaluates

data on the nuclear cross se.tion of charged particles, continuing the Los Alamos

project, started in 1955, which culminated in the issuance of two reports on the

light elements (LA 214 and LA 2424). LA 2424 is available from the Office of
Technical Services, U.S. Department of Conmmrce, Washington, D.C., 20230, price
$2.50. The field ranging from manganese to zinc will be presented in a forth-

coming volume. The series will be completed throughout the periodic table, and

material on the light elements will be brought up to date for new editions of
the reports already published.

Nuclear Data Project, National Academy of Sciences-National Research Council,

2101 Constitution Avenue, Washington, D.C., 20418. The Nuclear Data Project,

established in 1948, collects, evaluates, and publishes information on nuclear-
energy levels (experimental), information In basic nuclear physics that cannot

be organized by other nuclear classifications, and all data relating to nuclear

structure. Specifically, it covers low-energy basic nuclear physics, nuclear

"masses, spins, levels, moments, half lives, decay schemes, reactions, and istopic
abundances. Services include answers to technical inquiries and special non-
periodic publications. Publications issued by the Project include two sold by

the Superintendent of Documents, U.S. Government Printing Office, Washington, D.C.,
20402: Nuclear Data Tables, 1960 (Parts 1-4, $7.00), and Radiations from Radio-

active Atoms In Frequent Use, 1959 (55 cents); and two available from the National
Academy of Sciences-National Research Council, Printing and Publication Office,

SWashington, D.C., 20418; Nuclear Theory Index Cards, 1962 ($6.oo the set) and
Nuclear Data Sheets, 1962 ($20.00 on card stock, $17.00 on paper).

-i •3.5.5 AEC Engineering Materials

Services.

7Ij Engineering materials, including specifications, bills of materials, design
criteria, parts lists, photographs, and approximately 50,000 unclassified drawi•gs
relating to design, engineering, and construction phases of the atomic energy
program are made available to AEC contractors and other qualified requesters.
Engineering materials may describe anything from a small device to a complete

reactor. Data associated with a particular pieae of equipent, component,

mechanism, or process are assembled Into "packages." An Engineering Materials
List (TID-4100) Identifies, describes, and announces the availability of these
materials, and looseleaf supplements are Issued at lregula&r Intervals. The
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list and its supplements are distributed without charge to AEC contraetorp
organizations, and individuals that have a need for them by the Division of'
Technical Information Extension, Box 62, Oak Ridge, Tennessee.

Blueline prints may be purchased from Oak Fidge Reproduction Service, P.O. w
Box 363, Oak Ridge, Tennessee,at 6 cents per square foot. Phcographloally
produced copies may be purchased from Cooper-Trent Incorporated, Wilson Boulevard,
at Danville Street, Arlington 1, Virginia, and from Rapid Blue Print Company, 3
818 Santee Street, Los Angeles California.

132+

Z'

U

II
-

V. Ii



II

I

3.u National Aeronautics and Space Administration Sources
"f 3.6.1 STAR, Scientific and Technical Aerospace Reports

Technical Coverage: Scientific and technical Information on aerospace
research and developments.

Mission and Description: NASA's two Journals are Scientific and Technical
-- - Aerospace Reports (STAR) and International Aerospace Abstracts (published by AIAA
0 with NASA support). These publications cover 34 subject fields in space science

and technology, These subject fields, described below, are representative of the
-- areas in which NASA makes information available to the scientific community.

"AERODYNAMICS: Aerodynamics of bodies, combinations, internal flow in ducts,
and turbomachinery; wings; rotors; control surfaces.

AIRCRAFT: Fixed-wing airplanes, helicopters, gliders, balloons, ornithopters,

specific types of complete aircraft (including ground-effects machines, STOL, and
VTOL), flight tests, operating problems (including sonic boom), safety and safety
devices, economics, stability and control.

AUXILIARY SYSTEMS: Fuel cells; energy-conversion cells; solar cells;
auxiliary gas turbines; hydraulic, pneumatic, and electrical systems; actuators;
inverters.

BIOSCIENCES: Aerospac'ý medicine, exobiology, radiation effects on biological
systems, protective clothing and equipment, physiological and psychological
factors.

BIOTECHNOLO0GY: Life support system, human engineering, crew training and
evaluation, piloting.

CHEMISTRY: Chemical analysis and identification (including spectroscopy).

COMMUNICATIONS: Commincations equipment and techniques, noise, radio and
commumications blackout, modulation telemetry, tracking radar and optical
observation, wave propagation.

COMPUTES: Coputer operation and programming, data processing.
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ELECTRONIC EQUIPMENT: Electronic test equipment and maintainability,

component parts (includirn electron tubes, tunnel diodes, and transistors),

integrated circuitry, microminiaturization.

ELECTRONICS: Circuit theory; feedback and control theory. 1
FACILITIES, RESEARCH AND SUPPORT: Airports, lunar and planetary bases and

associated vehicles, ground-Lupport systems, related logistics, simulators, test.

facilitiles (Including rocket-engine test stands, shock tubes, and win 4 tunnels),

test ranges, tracking stations.

FLUID MECHANICS: Boundary-layer flow, compressible flow, gas dynamics,

hydrodynamics, and turbulence.

GEOPHYSICS: Aeronomy, upper- and lower-atmosphere studies, oceanography,
cartography, geodesy.

INSTRUMENTATION AND PHOTOGRAPHY: Design, installation, and testing of -

instrumentation systems; gyroscopes; measuring instruments and gages; recorders;

transducers; aerial photography; telescopes and cameras.

MACHINE ELEMENTS AND PRoCESSES: Bearings, seals, pumps, and other mechanical

equipment; lubrication, friction, and wear; manufacturing processes and quality

control; reliability; drafting; materials fabrication, handling, and inspection.

MASERS: Application of masers and lasers.

MATERIALS, METALLIC: Cermets, corrosion, physical and mechanical properties

of materials, metallurgy, applications in structures.

MATERIALS, NONMETALLIC: Corrosion, physical and mechanical properties of

materials (including plastics), elai tomers, hydraulic fluids.

MATHEMATICS: Calculation methods and theory, numerical inalysis. j
METEOROLOGY: Climatology, weather forecasting, visibility studies.

"NIAVIGATION: Guidance, autopilots, star and planet tracking, inertial i
platforms, air-traffic control.

NUCLEAR ENGINERING: Nuclear reactors arid nucleat heat sources used for I

propulsion and auxiliary power.

PHYSICS, GEfNEAL: Acoustics, cryogenics, mechanics, optics. 5
PHYSICS, ATOMIC, MOLECULAR, AND NUCLEAR.

PHYSICS, PLASBA: Ve0wiAtolydrodYnatc5s.
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PHYSICS, SOLID-STATE: Semiconductor theory, superconductivity.

PROPELLANTS: Fuels, igniters, oxidizers.

PROPULSION SYSTEMS: Air breathing, electric, liquid, solid, and magneto-

hydrodynamic propulsion systems.

SPACE RADIATION; Cosmic radiation, solar flares, solar radiation, Van Allen
radiation belts.

SPACE SCIENCES: Astronomy and astrophysics, cosmology, lunar and planetary
flight and exploration, theoretical analysis of orbit and trajectory.

SPACE VEHICLES: Launch vehicles, manned space capsules, clustered and
multistage rockets, satellites, sounding rockets and probes, operating problems.

STRUCTURAL MECHANICS: Structural element design and weight analysis, fatigue,

thermal stress, impact phenomena, vibration, flutter, inflatable structures,

structural tests.

THERMODYNAMICS AND COMBUSTION: Ablation, cooling, heating, heat transfer,
thermal balance, and other thermal effects; combustion theory.

GENERAL: Subjects related to industrial applications and technology and to

basic research; defense aspects; law and related legal matters; legislative
AS hearings and documents.

Status: Scientific and Technical Aerospace Reports are devoted to unclas-
sified report literature on the science and technology of aeronautics and space.
Abstracts are arranged by the 34 major subject areas. Each issue is indexed by
subject, corporate source, author, report number, and NASA accession number.

NASA and NASA-contractor reports are included, together with reports of other

Government agencies, universities, and research organizations in the U.S. and

abroad. Foreign-language reports and English translations issued in report form

are also included. Journal articles prepared by NASA and NASA contraetors are

amommoced and Indexed for nIftreue pcgnnft.

A classified counterpart (OSTAR), issued semi-monthly, abstracte and indexes
classified reports. It receives a very limited distribution.

Unclassified Scientific and Technical Aerospace Reports are sold by the

Superintendent of Documents, U. S. Government Printing Office, Washington, D.C.,

20402 ($33 a year; $39 for foreign miling, $2.25 per single Issue, $2.50 for
Sforeign mailing). Indexes are issued quarterly and sold on an annual sub-

scription basis ($30 a year; $35 for toreia Miling). The fourth quarterly
fvolu is a emulative index for the entire year.
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International Aerospace Abstracts is a coMpanion publication to STAR,

sponsored by NASA and published twice a month by the Institute of Aeronautics

and Astronautics. It covers books, periodicals, conference proceedings, and

other "published" media in aeronautics and space science and technology. Coverage

is worldwide end includes works in original languages and in translation. The
subject headings and the indexing systems used in this publication are identical

to those used in STAR. Abstracts are arranged by 34 major subject headings and

indexed by subject, author, corporate source, publication number when applicable,

-and NASA accession number.

NASA's Scientific and Technical Information Facility is operaved under 3
contract by Documentation, Inc. It was established to acquire, organize, process,

and report worldwide space information and to accomplish high-speed retrieval and

dissemination of this information.

The Facility automatically receives and catalogs significant scientific

and technical documents that result from NASA, or NASA-supported, investigations.

It also receives documents obtained through interagency agreements and NASA
exchange agrcements with domestic and foreign organizations (150 organizations

in 40 countries). Items of value are promptly abstracted, indexed, and entered

into the announcement and searching systems.

To provide for subsequent retrieval of the abstracts and the information

that they describe, all documents selected for the collection are indexed in

depth. A pr~nted index is prepared as part of the abstract journal, Scientific

and Technical Aerospace Reports (STAR). to permit retrieval of the information on

a broadly decentralized basis. The Facility also compiles the indexes for

International Aerospace Abstracts.

At the same time, magnetic tapes are prepared to permit computer-based

retrieval at the Facility and at field locations. NASA centers and contractors J

having the necessary cotputer facilities are supplied with tapes containingr

indexes for both abstract journals so that they may perform their uwn literature

segrobe*.: - Th tfe prfltfd index, doemasata a"e kanlyted to determine four or five

significant index points; with the computer tape index, the index entries number
about 15 to 20 for each document.

The Facility is responsible for annoumcing new publications in STAR and its

classified conterWt2 CSTAR; filling document requests from qualified requesters;

maintaining document distribution recorda; and serving generally &as a conrehensive
document processing, sotragel, and reference center for scientific information of I
interest in NASA prapamss. The Facility also produces such NASA-generated

information products as miacofil reproductiaons special bibliographies prepared

by couter on request, NABA Tech Briefst, declassification lists, and other Lists

and indexes to met HABA'sA docuentation needs.
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3! NASA also supports as part of its documentation program developmental studies
of new techniques in JnforwAtion technology to iAprove the efficiency and economy

of Its information system.

Conmta.- -

S.4 Scientific and Technical Information nivision
National Aeronautics and Zpace Administration

Washington, D.C. 2o5416
A?.tention: Code ATSD

3.6.2 NASA, Field IDta Sources

Technical Coverage: Scientific and technical information in the aerospace

field.

Mission and Description: The planning and direction of NASA programs are

vested in Headquarters. However, field centers and installations are responsible

"- for execution and administration of these programs, primarily through research,
. , development, and manufacturing contracts. These centers can be contacted directly

for technical data and information.

The Ames Research Center, Moffett Field, California, directs basic and

applied research in the physical and life sciences relating to the advancement

"if aeronautics and space technology. Space research includes aerodynamics of
SI space vehicles, space-environment physics, space-vehicle flight control, and such

life sciences as exobiology (investigations of extraterrestrial lifr.), environ-
"mental biology, and biotechnology using bio-satellites. Aeronautical research

o I embraces subsonic and supersonic aircraft.

The Electronics Research Center, Cambridge, Mass., is responsible for.1research in the fundamentals and applications of electronics to guidance, control,

navigation, instrumentation, data processing, commuications, and tracking as they
j relate to manned and unmanned aeronautical and space flight.

The PJIgt Research Centers Edwards Air Paroe. Rues Caifomria, W.m..

flight evaluation tests of research aircraft such as the X-15 and conduct*

research on supersonic flight.

The George C. Marshall Space F•ight Center, Humt"ille, Ala.,is mocerned

with research and development of launch vehicles used In lammching maned and
iaranned spacecraft and associated guidance and control system.

LU The Goddard Space Flight Center, Greenbelt, IMd., specialazes in apace

research with nmaried satellites, research and dmmlcpment of mteorcloIcal and[ ecxxicatios satellites, and traking and data-acquisition operations.

I-"
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The Jet Propulsion Laboratory, Pasadena, California, operated under contract

by the California Institute of Technology, develops spacecraft for unmanned lunar

and plazietary space exploration, operates a worldwide deep-space tracking and

control network, and carries on a broad-scale program of supporting research,

both fundamental and directed. 3
The John F. Kennedy Space Center, Cocoa Beach, Florida, plans, constructs,

and opiraLes NASA facilities and equipment for major launchings and provides or

arranges for supporting services and activities. It is responsible for assembling

and launching Apollo-Sat rn spacecraft for the manned lunar landing and sub-

sequent programs and for other facets of these programs, including elements of

vehicle design and use.

The Langley Research Center, Hampton, Virginia, directs research in aero-

riaut'cal and space structures and materials, in aerodynamics and re-entry

vehicles, and in plasm physics.

The Lewis Research Center, Cleveland, Ohio, is responsible for research in

propulsion and power plants for space vehicles, including nucleir and electrical

propulsion devices.

The Manned Spacecraft Center, Houston, Texas, has management responsibility

for developing and operating manned space vehicles. It serves as the test center

for all spacecraft, subsystems, and assemblies required in manned space flight.

It also devises and conducts the astronaut training program.

The Michoud Plant, Michoud, Lousiana, houses the manufacturing operations I .

for Saturn and other large boosters and vehicle stages. From Michoud, Saturn

vehicles are transported by barge to the nearby Mississippi Test Operations

installation for static tests and then by sea to Cocoa Beach, "lorida, for

launching.

Mississippi Test Operations, Bay St. Louis, Mississippi, serves as static S
test rite for Saturn and other large launch vehicles.

The Nuclear Rocket Development Station, Jackass Flats, Nevada, a Joint

NASA-Ato¢c Maergy Commission facility, was established to advance nuclear

systems technology, particularly through Project Rover, the U. S. nuclear rocket

propulsion effort.

The Pacific Launch Oer~ations Office, Lmoc, California, supervises the

launch co8lexes of the Pacific Missile Ra•ge at Point Arguello, used for polar-

orbiting spacecraft and deep-space probes. Upper-atmosphere soundIng rockets

are also launched at the lange.
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Plum iirook station, Sandusky, Ohio, operated by the Lewis Respareh Centfr,
.;tudies the problems of nuclear propulsion systems and related problems.

The Space Nuclear Propulsion Office, Germantown, Maryland, in conjunction

"w.ilth tho Atomic Energy Cormission, directs research and developmrnt loadlng to

nuclear and electrical propulsion systems for space vehicles. It is also
r,-sponsibl'. f'or the non-nuclear components of these syst,:ms.

Wallops Station, Wallops Tsland, Virginia, provid-s launch facilities arni

:3-rvices for other NASA installations conductinr suborbital, orbital, wil spanr-

probe experiments with solid- and liquid-propelled rocket te.t vehicles, raegng

from small rockets to th-e Lcout four-stage solid fuel rocket. The station also

h'velops teetniques for ,ollecting and processing experimental data.

T'Ihe W.efstern Operations Office, Santa Monica, California, serves all

operational interests of NAZA in the West, Including the negotiation and manage-

-eut of research and development contracts with the aerospace industry.

Status: The following technical publication series are used to report
.- results of NASA's rfosearch, development, and testing progranis.

1 -c.niical Reports (TR's). Each publication in this series is tie final

report of a comple-ed :•AZA research project or presents some other information
"considered of" current interest and lasting Importance to aeronautics or space

J science. NASA Technical Reports are Intended for the widest possible distribution.
They do not contain security-classified Information or information on which there
arc other distribution limitations. About 50 are published each year. They are

sold either by the Superintendent of Documents, U. S. Government Printing Office,
Washington, D.C. 20402, or by the Clearinghouse for Federal Scientific and

"7v;ehnical Information, 5285 Port Royal Road, Springfield, Virginia 22151.

2ec!.nical Notes (TN's). This series presents results of completed segments4of continuing research projects or results of smaller research programs. They
are not as complete as Technical Reports; the Information in several Technical
Notes may eventually be cusmbined in a single Technical Report. Technical Notes

are intended for wide g-nra distribution and do not comta•l c"ssifiod
material or information restricting their distribution. Approximately 600 are
published annually. They are sold by the Clearinghouse for Federal Scientific

and Technical Information.

Technical Memorandums (TM's). Technical information requiring a limited
Sdistribution for security or other reasons is usually presented in the form of

Technical Memorandums. Reports in the series my contain unconfirmed or pre-

liminary data, classified informantian, proprietary infrantion, or Informtion
Intended for a specific audience. If the Inforation contained in a declassified
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Tecivical Memorandum is considered to be or general interest at the time it is

declassified, It may be reissued in the form of a Technical Report or Technical

Note. About 150 Technical Memorandums are issued each year. Unclassified

Technical Memorandum. suitable for public distribution are sold by the Clearing-

house for Federal Scientific and Technical Information.

Contractors Reports (CR's). Scientific and technical information generated

by a NASA contract or research grant generally appears in the form of a report

issued by the contractor or grantee. While there is no standard format for such

reports, those which merit release under NASA auspices are issued in the uniform

Contractors Report (CR) series. The decision to issae a report in the CR format

is made by the appropriate program office at NASA headquarters, which also
determines the distribution. As the Technical Memorandum series does, Contractors

Reports sometimes contain classified, proprietary, or unconfirmed information,

and their distribution is restricted accordingly.

Technical Reirlnts (RP's). Much of the scientific and technical information
generated under NASA or NASA-supported programs is published in the form of

journal articles and proceedings in non-NASA publications. Reprints of such

papers that have not appeared previously as Technical Reports or Technical Notes
are Issued in the Technical Reprint series. Because of prior journal publication,
Technical Reprints do not receive an automatic distribution by NASA, but are made

available or. an individual request basis.

Special Publiratians. NASA uses the term "Special Publication" to cover
scientific and technical publications falling outside the scope of the report 3
series described above. In many cases Special Publications present highly

technical information, either for a broad interdisciplinary audience or a selected

lay audience. They contain information generated by NASA activities but do not

ordinarily report results of individual KASA-programmed scientific efforts. They

may be prepared by any of the NASA field Installations, by the Scientific and

Technical Information Division at NASA headquarters, or by NASA contractors and

grantees.

Special Publications inclnde, but are not limited to, proceedings of 3
scientific meetings sponsored or co-sponsored by NASA, technical reviews, state-

of-the-art monographs, formal bibliographies, glossaries, and handbooks or other

comilations of tables, charts, and data. The series also includes reports 3
issued by the Technology Utilization Division8 presenting Innovations of poetntiaW

value to industry.

In 1964 awe than 50 Special Publications wore beln" offered for sale to the

public by the muprintendent of Documentsa U. S. 0overU8t frmntlag Office,

Washinton, D.C.# 201402.
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Contact

Scientific and Technical Information Division
National Aeronautic- and Space Administration 1
Washington, D.C., •O546

t Attention: Code ATSD

(Or contact the field activities at the addresses 71ven.)

3.6.3 NASA Headquarters and Field Libraries

lihrary Services:

NASA Headquarters and each NASA field installation maintain libraries

varying in size and scope to serve particular reference and bibliographic nee-. 1.

The library at NASA headquarters is a specialized technical reference facility

of domestic and foreign publications and reports in aeronautics and the space

sciences dating from 1918. It does not attempt to duplicate the holdings of

other collections in the history and technology of space, nor is the report

collection intended to be comprehensive.

The complete NASA report collection is maintained at the Scientific and

Technical Information Facility in Bethesda, Maryland, where reports are processed
for announcement in NASA's abstract journal, Scientific and Technical Aerospace

Reports.

- IPrior to April 1962, report indcxing for NASA was performed by the library

at Langley Reselarch Center, Va. An 800,000-card catalog on microfilm covering

this collection of more than 100,030 documents is maintained at each NASA center

"a •and at the headquarters' library for literature searches.

' I Although NASA libraries are operated primarily fn- NASA employees, the agency

* - makes its unclassified publications accessible to the scientific comnunity and

the public through automatic distribution of NASA publications to about 50

:1public libraries located throughout the United States.V

Contact;

Chief Librarian

NASA Scientific & Technical Information Facility
Bethesda, Maryland

SI3.6.4 NASA Regional Technical Report Centers

Library Services:

fEleven regional technical-report centers are maint4dned at research and

university libraries located in ajor scientific, Industrial, and educational
Sarea throughout the United States. The prUry mission of these centers is to

maks available to the general public unclAssified reports issued or distributed

Il1
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by NASA, the Atw ic Energy Commission, the Department of Defense, and other

Government agencits. Reports are supplied by the Clearinghouse for FerFeral J
Scientific and Technical Information.

[i Fumds for the operation of the centers were originally provided by the

National Science Foundation. Although financial support for servicing the

L report collections was withdrawn in July 1964, the report centers at the 11LQ
institutions listed below continue to receive copies of Government reports,

including those of the National Aeronautics and Spsee Administration, and provide
related reference services to the regional areas they serve.

Carnegie Library, Pittsburgh, Pennsylvania

Columbia University, New York, New York
Georgia Institute of Technology, Atlanta

Library of Congress, Washington, D.C.

Linda Hall Library, Kansas City, Misouri
Massachusetts Institute of Technology, Cambridge, Massachusetts

Southern Methodist University, Dallas, Texas

The John Crerar Library, Chicago, Illinois

University of California at Berkeley I
University of Colorado, Boulder, Colorado

University of Washington, Seattle, Washington

Contact: For additional information, contact the chief librarian at the

institutions listed above. .
.4

3.6.5 NASA Research in Progress Center

Services:

A privary source of information on current research conducted by NASA

contractors and grantees is the Science Information Exchange, Smithsonian g

institution, Washington, D.C., 20560. Grantees and research contractors of NASA U
are required to supply the Exchange with brief imiaries of all research projects

as they are intitiated. These summaries and the accompanying data identify the

work being done in a particular subject field, the people doing it, and the

supporting groups or agencies. The type of Information supplied depends on the

status of the Inquirer, as described in the bulletin on the Smithsonian

Institution (No. 13, NSF 62-8, available from the Superintendent of Docume.its,

U. S. Government Printing Office, Washington, D.C., 20402).

Contact:

Scientific and Technical Information Division
National Aeronautics and Space Admlnistratiwn
Washington, D.C., 20546

Attention: Code ATSD

1112, 7
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3.6.6 NASA Technological Information Utillzatiun Activity

Services:

An improtant byproduct of the space program is the variety of scientific and

engineering devices, materials, processes, and techniques developed by NASA

employees and contractors that are made available for nonspace uses. The

t'echnological Utilization Division at NASA headquarters locates, records, and

analyzes all such devices and techniques of potential value to industry and makes

'tht pertinent information available in the shortest possible time. An Industrial

Applications Advisory Committee, composed of representatives irom various

industries, assists the Division by recommending methods for identifying and

evaluating technological innovations with high industrial potential.

Technological Utilization Officers, located at each of the major NASA

centers, report promising technological innovations to the Division. After

evaluation at one or more of seven research institutes throughout the United

States, information on these devices and techniques is disseminated in the form

of NASA Tech Briefs -- concise looseleaf write-ups distributed without charge

by the Scientific and Technical Information Division to Federal and State

Government agencies, research institutions, universities, regional technical

report centers, NASA depository libraries, the technical and trade press, and

other interested organizations and institutions.

Contact:

Technological Utilization Division
National Aeronautics and Space Administration
Washington, D.C. 205146

I
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4. GUIDE TO CONTRACTOR RELIABILITY AND MAIJIAINABILJTY DATA SOURCES

Table 1 presents information concerning the characteristics of the data
a•aL.talned by 94 of the lid contractors. Inl this table, tn•e headings used in

the survey questionnaire are combined to display the type data available from

each contractor.

Table 2 lists the 118 organizations who answered and returned the survey

questionnaire and tabulates their responses. An example of the questionnaire

uscd and a tabulation of the number of responses to each question are presented

In Appendix A.

Tables I and 2 provide a quick means of determining the availability of the

data maintained by the 94 contractor companys. En some cases, the data may be

obtained only through Government agencies for official use. The rompanys that

make their data available tD other Government agenlies and contrantors arc

Indlzated in the last column of Table 2.

4.1 Description and Use of Table I
The Table I headings were taken from the survey questionnaire and

grouped to provide the following iiformation concerning contractor data

characteristics:

(i) Data utility during the three phases of system acquisition

(2) The conservative or optimistic nature of the data

(3) The applicability of the data for multicontractor systems

(0• The currency of the data

The first column of Table I Is an alphabetical listing of the 94 contractor
companies thatmintain partial or complete data banks. It is noted that the

r same column heading appears more than once. The multiple listing of these head-

ings is necessary because the some data are used to evaluate more than one
characteristic.

Three types of information are represented under the "Data Utility" heading

of Table 1, as follows:

(1) The applioLtions from which the data are derived, such as aircraft,Sground equipment, etc.

(2) The type of data collected by classification, I.e., electrical, servo,

1] mechanical, or hydraulic types

(3) The phases of the system acquisition, such as developaent, production,
U [and operational test data

V lAB
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The assumptions made under the heading of "Conservative vs. Optimistic

Nature of Data" are based on empirical Information obtained during the dataA

source survey: test data are more optimistic than operational data (meaning
that the test data indicates a lower failure rate than do the operational data.
Therefore, environmental, production, and development test data are listed In the

"Optilmitsic" subsection, and operational data are listed in the "Conservative"

subsection.

The column headed "Applicability of Data to Multloontractor Systems"
provides a means of determining whiich contractora collect data on the oyster'

level. The data collected by contractors is marked with an "X". If the column
is not marked, the data is primarily collected at the parts testing level.rather
than at the system level.

The column headed "Currency of Data" provides a basis for evaluating data
that will be current If (1) a mandatory reporting system is used; (2) the data

are claasified and stored by some nomenclature such as equipment type, funct.ton, I
or application; and (3) operational data, by virtue of its nature, Is

current. It can be assumed that data collection systems utilizing mandatory
reporting systems and classifications of stored data will, In general, maintain I
data that are more current than systems that do not employ these techniques.

The column headed "Data Bank Status", indicates whether the organization j

maintains a complete data bank or a partial data bank.

4.2 Description and Use of Table 2 1
The first column of Table 2 lists, alphabetlcally, the contractors that

answered and returned the survey questionnaire. The second column indicates
whether or not the organization maintaina a data bank. If the organization did
not have a fully operational data bank, the word partial was inserted in the
column. For the purpose of this Data-Source Guide, a complete data bank Is
defined as one that has its data organized and classified so that a user can 1
retrieve necessary data quickly and accurately. A partial data bank is one
that has not yet organized and classified all of its data, or one that must

be supported by supplementary data to meet the user's needs.

The remaining Table 2 headings are questions taken from the survey
questionnaire. Table 2 can be cross-referenced with Exhibit 5 of Appendix Aie
to obtain the name and addr~ess of the person to be contacted for more detailed

lrnfrmation. I
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GUIDE TO GOVERNMENT AND CONTRACTOR PUBLISHED RELIABILITY AND

SMAINTAINABILITY HANDBOOKS

This section presents descriptions of fifteen Government and eighteen

publighod Reliability and Maintainability¢ han,1boo1k7.

.1 G•-overnmenit Documents

5,1.i,1 NAVWEPS OD-293,O4!I

Title: Guide Manual for Reliability Measurement Program

Publication Date: 15 May 1965

Scope: A complete technical manual on the common disciplines of reliability

measurements useful during the operational phase of programs. Reliability eva]-

uations are updated as additional information becomes available throughout the

life of the system.

The total of accrued information becomes a historical file of actual

expe:rience. This file has been fount useful in the evaluation of concepts for

future-generation systems with respect to the projected reliability, logistic,

and related parameters of candidate hardware for new programs.

The purpose of the manual is to establish common disciplines that will

provide (1) a practical means of measuring system reliability during the research

and development phase, (2) a uniform reliability measurement directly related to

the reliability requirements, (3) uniform reliability appraisals for subsystems

that can be combined into meaningful reliability projections for entire systems,

and (4) basis for measuring reliability status on incentive contracts.

Description: The purposes of this document are accomplished by developing

the concepts of a reliability m :asurement system by analysis and reporting,

combined with an integrated data feedback system for acquiring accumulations of

data. These data are processed by electronic computers. Outputs are provided

on current failure rates and reliability indexes at all equipment levels for each

anticipated environmental condition during the mission.

Requirements for the program are discussed in detail on characteristics
and elements of measurements to be considered and applied. Reliability analysis

and reporting are correlated with the statistical model. ?Usaion and system

analyses data are factored into the Integrated test plan before final evaluation
of the plan.

Subsystem statistical-model concepts are developed by mans of stress levels

from mission profiles, component failure rates, an! test data. Subsystem criteria

on monitoring reliability achievement are derived rta MIL-Q-2154kB definitions.
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Operating assumptions are established for the reliability of components by:

(1) consideration of constant failure rates, (2) addition of stress effects,

(3) interactions, or independence of parts, and (4) consistency of failure rates.

The mathematics and details of these considerations are expanded and further
defined.

Outputs from the total measurement program are discussed in detail, including

statistical and failure analysis, review of the teat plan, status and summary
reports requirements, and follow-up reporting formats.

5.1.2 NAVHIPS 0900-002-3000

Title: Reliability and Maintainability Training Handbook

Publication Date: 11 December 1964

Scope: A complete training manual in all phases of reliability and
maintainability, including technical and managerial considerations. Problem
statements, definitions and program implementation are determined as functions --

of R&D equipment programs, ship-building activities, and Fleet improvement
efforts.

Research and development plans are reviewed from the standpoint of proposed

technical approaches and systems optimization. The purpose of models, construc-

tion of models, and logic block diagrams are covered in detail. A chapter is -

devoted to probability theory. The application of probability theory in relia-
bility predictions is emphasized. Apportionment, stress-strength analysis, and
maintainability, including data acquisition and statistical techniques, are ap

covered.

The handbook can be used as a text for course material under training em -

programs. An outline is provided for three levels of training, consisting of -

(I) a top management course (3 hours, 50 minutes of instruction), (2) an

intermediate-level course (16 hours), and (3) a technical-level course (40 hours).

Description: The handbook represents a departure from the contents of text
materials currently available. It has been designed specifically for Ship Systems 9
Comand management and tee•hncal needs. Features are as follows: .L

" The point of view and language are for those who deal with contractors,

as well as those in Ship Systems Conmand, who must design for the 1
required reliability and maintainability.

" The text fully recognizes the current limitations of the "MM" approach,

particularly for structural componmnti, and also for many mechanical and 3
electronic components. However, it presents the other approaches available

for quantitative treatment.
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* r A number of techniques that do not appear in Government specifications,

but which industry has found effertive, are presented.

*Emphasis is placed on contract management, and methods for designing for
required reliability, rather than just predicting, controlling, and

measuring it.

*Reliability and maintainability are treated together wherever they are

logically managed, designed, or analyzed together.

* While the text content includes more "system effectiveness" than some

courses by that name, it concentrates on just tne reliability and

maintainability contributions to system effectiveness, to avoid dilution.

Cost-effectiveness analysis approaches, to determine economically

achieveable reliability and maintainability, are presented in some detail.

Shipbuilding and ships GFE and CFE examples are used wherever the Informa-

tion was obtainable, and a shipbuilder's critique was obtained on all

text material.

5.1.3 NAVSHIPS 94324

Title: Maintainability Design Criteria Handbook for Designers of Shipboard
Electronic Equipment

Publication Date: April 1962

Scope: Discusses the philosophy of shipboard maintainability to provide

the electronic design engineer with an appreciation of the problems Naval

personnel must overcome to maintain operational readiness. Covers the probability

concepts associated with maintainability prediction and measurement, the ship-

board environments in which maintenance and repair are accomplished, the education

and aptitude of personnel performing the tasks, and the human-engineering consid-

erations beat resolved early in the equipment design stage. Specific hardware

and circuit designs are analyzed for advantages and disadvantages of repair

difficulty, tool requirements, human-error potential, and safety hazards.

Description: Gives explanation, definitions, ground rules, procedures,

and mathematical expressions for predicting equipment Vaintainabillty Index

(MI) values. Provides tables listing various tasks associated with repair or

replacement of equipment and the corresponding time eleiyents.

Describes shipboard environment, Including sketches of hatches, superstructure,

passageways, and other shipboard characteristics. Supplies criteria for area

dimensions that limit body movements for various body positions. Tables include
Navy technicians rates and grades, average age, education, and years of experience.
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Gives extensive coverage to specific design considerations and human-

engineering data. Details design guides for accessibility, mounting provisions,

physical dimensions, weight, color coding, test or checkout equipments, human I
eye and movement tolerances, and the maintainability advantages and disadvantages

of a number of electrical equipment designs.

Provides Important miscellaneous maintainability design guides on Illumination
characteristics, spare-part-availabllity curves and table. as related to number
of standardized parts in the design, suggestions for pri', .tive maintenance
provisions, and safety Iiuormation on insulation or dielectric breakdown.

5.1.4 NAVSI{IPS 945011

Title: Bureau of Ships Rellbility Design Handbook

Publication Date: 29 Marsh 1963

Sco••e: Provides the designer with information and guidance in the following

areas:

(1) Quantitative evaluation of the design, so that progress toward relia-

bility goals can he determined

(2) Reliability design techniques and data that can be used to achieve a

high degree of equipment reliability

(3) General reliability informati(n that, although covering peripheral

areas of the designer's main activity, is important to his tasks

and responsibilities

General: The handbook is subdivided Into five parts: I
(1) Reliability concepts

(2) Reliability evaluation tools for design engineering

(3) Design engineering tools for reliability

(4) Electronic parts and special designs

(5) Reliability programs and general design guides

Each part explains in detail reliability design criteria, mathematical

formulas, circuit schematics, tables, graphs, design approaches (good and bad),

human-engineering effects, test approaches, and evaluation methods for designs

and programs applicable to the subject being discussed.

5.1.5 NAVMAT INST 4000.20

Title: IntegMated Logistic SupDort PlannMi Procedures

Publication Date: 19 August 1966

Desaridtion: The Integrated Logistic Support Planning Procedures (ILS)

docusent Is designed for use in planning for effeative logiutlo support of weapons
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,systems and equipments. The objective of this instruction is to achieve maximum

material readiness with optimum cost-effectiveness.

Integrated logistic support Is defined as a composite of the elements

necessary to assure the effective and economical support of a system or equip-

ment at all levels of maintenance for its programmed life cycle. Logistic

elements include all resources necessary to maintain and operate an equipment or

weapons system. They are categorized as follows: (1) planned maintenance, (2)

* personnel, (3) logistic information and data, (4) spares and repair parts, (5)

support and test equipment, (6) facilitiea, and (7). contract maintenarne.

The procedures established in NAVMAT INST 4000.2u will provide a logical

step-by-step logistic support acquisition process that can be subjected to manage-

ment appraisal and control techniques. The process requires that decisions made

during the concept formulation, contract definition, and development phases of

the weapons system and equipment acquisition process take into account the logistic

implications of those decisions. When a design resulting from this early stage

of the process has been completed and approved as acceptable from the point of

view of loCgIstic-support considerations, as well as potential combat capability

considerations, it becomes the foundation and coordinating. document for all

subsequent logistic-support action. This procedure is accomplished by subjecting

the design to a formal engineering analysis conducted tc identify, validate, and

document the logistic support required for the fleet to maintain !..d operate the

equipment as designed.

* The result of this engineering analysis is a dorfient designated as the

"Plan for M0aintenance," which is the consolidated single source of design-related

data for use with nondesign-related data such as equipment population and distri-

bution in requirements aetermination, acquisition, and distribution of logistic

support. This controlled sequential process insures that support is planned for

* •every design facet requiring such support, and that each element of logistic

"support is being procured to fill a support need Identified and verified by

engineering analysis. This assurance of coordinrbed action is the heart of Inte-

grated logistic support.

The ILS processes include:

Early and effective expression of logistic-support requirements in the

tfundamental program documents, such as Specific Operational Requirements,
Technical Development Plans, Requests for Proposals, equipment specifi-
cations, proposals, proposal evaluations, and cource-selection studies.

SDesignation of an "Acquisition Manager," who Is charged not only with
the responsibility for development and production of Navy equipment,

but is also responsible for design and development of the related logistic-

support package. In other words, he is not only responsible for equip-

ment performanoe at the time of delivery; he Is also responaible ftr
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planning an integrated logistic package that will ensure performance

in the Fleet for the programmed period of utilization at the designated
fleet operating sites, and at the prescribed level of equipment readiness,
utilization, and availability.

Development of an Integrated logistic support plan for each end item

of Naval equipment procured or destined for procurement. The scope and
detail of the plan will vary depending on the end item and the acquisition

phase and will be compatible with advance procurement plans established
in accordance with SECNAV InstructIon 42CO.18B and NAVMAT Instruction

3200.31A.

Designation and identification of an Integrated Logistic Support Assistant
to the Acquisition Manager. This Assistant will be responsible for
planning, development, acquisition, integration, and execution of the
Integrated Logistic Support Plan. The Instruction requires development
of quantitative and qualitative use and logistic-support planning factors
and related integrated logistic-support requirements to satisfy these
factors.

A documented analysis of logistic-support requirements, based on a

maintenance-engineering analysis of the design characteristics of the
end item, its systems, subsystems, and major components and assemblies.

An overall plan to maintain equipment that will define the maintenance
and repair concept for each level of maintenance and will document the
technical, economic, and military rationale or Justification for the

maintenance concept established.

The merging of maintainability, reliability, and human-factors require-

ments into the ILS planning process to develop an integrated plan.

The scope of actions required by this Instruction can be summarized as
follows:

" The integrated logistic support planning procedures shall be applicable -

to all system and equipment acquisitions as well as subsequent engineering

change or retrofit programs.

" while the provisions of this guide are mandatory, It Is not intended that
Acquisition Managers rigidly adhere In every acquisition to the scope

or degree of detail specified herein. The provisions are Intended only
as a comprehensive outline of an IL planning process. The Instruction
contains most of the considerations that must be Included. This noutline" I
is considered applicable regardless of whether the acquisition is for a
relatively simple equipment requiring little or no military design or for
a highly complicated mystem that requires all the formalized phases

associated with R&D programs.
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* j The application of NAVMAT INSl 4000.20 is, therefore, governed by the

provision that the Acquisition Manager will "tailcrr each plannIng procezz
to "fit" appropriately a particular acquisition in terms of complexity,

* t sophistication, and rescurces Justifiable and available.

5.1.6 Director of Dt-fense Research and Engineering Report 0EM-I

Title: _Srvey of Studies and Cemputer.Pro4rxming Efforts for Rtliability,Maintainability, and 3ystem Zffectiveness
-- PublicatIon Date: September 1c96-

S oE: This report represents a preliminary survey -f efforts underway,
or recently completed, for computer programming or techniques that are adaptable

tc computer operations.

General: The methode and techniques listed are In the areas of system
analysis for reliability, maintainability, availability, system effectiveness,

cost-effectiveness, system simulation, circuit analysis, and failure mode and
effects analysis. Fifty-three references are included in the docum~ent.

1...7 NAVMAT Instruction 4000.15

Title: M-.nagement of Technical Data and Information

Publication Date; 20 November 1965

Description: This manual prescribes management procedures and Implementing
L.A iple5 to be followed in effecting, within the Department of the Navy,
eýq.ished policies for improved management of technical logistics data and
S:t-,.tnation. It reflects all current policy issuances from higher authority
aUectirng this area of operation throughout the Department of Defense. It further
reflects IN•vy policy issuances still in effect and supports those ongoing Navy
programs that are to be continued and intensified.

The manual provides (1) detailed directlons whereby data requirements are
identified and selected to suit intended uses, (2) procedures for data acquisition
and control, and (3) techniques to keep to a practical minimum the essential data
required by the Navy from defense contractors.

Provisions of the manual apply to technical logistics data requirements of
* .all Navy Bureaus, Commands, and field activities incident to their participating

in or supporting the definition, design, development, engineering procurement,
production, test, maintenance, and follow-on logistics management of Navy weapons

systems (aircraft, misesilea, ships, submarinels, subsystems, equipments, items,
Sparts, and logistic supply support programs.

The Navy Technical Data Office (iDO) has been established in the Office
of Naval Material to plan, implement, review, and monitor the intra-Navy appli-
cation or policies and procedures that give effect, to the technical data and

159
r •

S _. . -,•. ,, ' -. , - •. ,•



5.1.8 MIL-HMK-217A -"

Title: Reliability Stress and Failure Rate Data for Electronic Equipment.

Publication Date: I December 1965

Scope: A complete technical handbook on reliability engineering for
electrical and electronic parts up to the complexity of electric motors;
includes environmental effects, design considerations, application, failure modes,

failure rates, operating factors, mathematical concepts, probability tables,

probability graphs, preferred parts list, and other data necessary to reliability,

design, and test engineers.

General: The principal sections of the handbook are as follows:

Reliability fundamentals . Capacitors

Rules for establishing Transformers, magnetic
failure-rate values . amplifiers, inductors, and si

coils
Part failure characteristics R

• Rotary electrical devices

Procedural routine for
* failure-rate summation . Relays and switches

* Electron tubes • MINUTEMAN part failure rates

* Semiconductor devices • Micromodule reliability

* Resistors • Wire and cables

. Low-population parts

Sections of the handbook are also devoted to:

. FARAD program Parts manufacturers by class

. IDEP program , Microelectronics

- Other data sources , Hybrid circuits

• Reliability models • Integrated circuits

. NIL-STD-756A techniques * Reliability calculations 3

. NAVSHIPS 93820 techniques • Redundancy techniques

# Description of ARINO Research * Degradation factorsi ~technlques
t e olerant circuit design

1 60 8 to make predictions
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Title: Rellbility Prediction

Publcat~z, stc: 15- May19u

"1Sc•e; Establishes procedures for making quantitative reliability predl-
-tiara of aircraft, mlouules, satellltes, elect~ronic equiproit-a, w., subdl'viaio~ria

of these equ!pnents Jurlor:,- tee conceptual phase and ,ae de',i! desa' rr phase of'

dt VP op&ne t.

De2-c:'- yIon: Clas.e.lf'ez. rcllalilhlt'y pr-dtctk'Os, pro,,; vire 1! to t,.wo t-pet;:

(1) Type I: Fesltility Prealctlon Pro.'edure. Ut'l.zecd Then design I.

not finalized. E&ploys functional comple:ctty. Ar. active element
(tube or trnnsistor) parts count. Identiflez the steps to be taker.
in sequence to accomplish the prediction:

(a) Define the product

(L) Establ!sh tie reliabillty

(c) Establish functional complexity

W() Compute the rellab-lity of the product

(2) Type II: Design Prediction Procedure. Utilized when design has been
finalized. Er-ploys total complexity; i.e., a count of all parts.

Identifies the steps to be taken to accomplish the predictions:

(a) Define the product

- (b) Establish the reliability

(z) Determine the part populatl.n for each functional block

W() Deternine appropriate stresa factora for each part

(e) Assign applicable failure rates to each part

M() Compute reliability for each functional block

(g) Compute the reliability of the product

J Each step is briefly explained, and general guidance on the basic segments

of each step, assumptlons required, infonmation sources, and suggested derating

*! ienvironr:ental factors is provided.

For Type 1, Step (a), a chart provides reliability mean-time-between-fa~llus

values based on the quantity of electron tubes, transistors, diodes, etc.,
expected to be used in a given electronic equipment or subsystem.

.3
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ReqMured Documentation: I-.
* Establishes the minimum requirements for reliability-prediction reports.

Timing to be established by the procuring activity.

* In the event that prediction results are lower than the specified or

required reliability, alternative solutions to achieve conformance

must be presented in sufficient detail to permit evaluation. No timing

specified.

Referenced Documents:-

" MIL-STD-721 - Definitions for Reliability Engineering

"• MIL-STD-280 - Definitions of Terms for Equipment Divisions

" MIL-HMtK-217 - Reliability Stress and Failure-Rate Data for Electronic

Equipment

5.1.10 NAVSHIPS 93820

Title: Handbook for the Prediction of Shipboard and Shore Electronic

Equipment Reliability

Nublication Date: April 1961

S Describes methods of performing basic reliability predictions for

certain Naval electronic equipment and illustrates sample applications based

on the degree of accuracy required of the prediction and the amount of detailed

Information available for the system. Provides sample calculations, presents a

number of electronic part fciilure-rate tables based on actual measured results,

and uses the data in the sample calculations.

Description:

(1) Explains and/or defines common reliability terms and the use of

probability theory to predict system or component success ratios. a

Explains some of the reasons for making reliability predictions

and approaches to :asking them.

(2) Discusses the basic mathematics of reliability prediction and gives

simple examples, using reliability equations as applied to the functional

operation of the equipment. Identifies and explains, with examples,

four methods used in making reliability predictions. The application

of each method is based, in general, on the following:

(a) The accuraecy of the available failure-rate data

(b) W_ degree of knowledge of the specific equipmaent to be used and

its application in the system

(c) The specific environmental conditions and operating times to

which the equipment is expected to be exposed

162
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(d) The accuracy required of the prediction, and the man-hours

Te available to perform the prediction tasks

The four prediction methods are identified as follows:

Method A: System Prediction from Typical Equipment Failure Rates. Where

the proposed system approximates in design and function one of the ten t,,pical
Swe equipments listed, Method A may be used to provlde a reasonable estimate of

equipment rellbility.

Method B: Equipment Predittion from the Active Element K Factor. Where

the proposed system approximates in design and function oat of the ten
typical equipments listed In Method A, but does not have the same number of

active elements (tubes or transistors) as the typical equipment, Method B

- •may be used. Each type of equipment has associated with it a constant called

atan "actve element K factor." This c.onstant Is then multiplied by the number

of active elements in the equipment to obtain the failure rate.

Where the circuit types are known, the Method B prediction can be refined

by use of failure rates for specific functional circuits. Average failure

rates are given for 38 electron-tube circuit types and 14 transistor

circuit types, together with a brief description of each circuit. Where

only a portion of the circuit types are known, the two Method B prediction

methods can be combined.

Method C: Equipment or Circuit Prediction from Average Parts Failure Rates.

Where the type and number of parts (including active elements) in an equip-
f-sent or circuit arc known, reliability can be predicted by usning Method C.

The number of parts in each parts category is nultiplied by the average

* "parts failure rates, and the products are then combined. Adjustment-type

- failure!- are also accounted for with this method, but no circuit analysis

is required.

A d N~ethod D.: &uipsent or Circuit Prediction fromn Parts Rates with Severity
Functions. Where detailed design and application Information is available,

"Method D can be used to predict the reliability. It is the most accurate
of the four, but also the most time-consuming since a circuit analysis must
be performed to determine the stress (severity of application) on each

"- I tube, resistor, and capacitor in the design.

"el (3) Presents failure-rate tables for I/F, TACAN, Radar Indicator, Search Radar,
Radio Direction Finder, Communication Receiver, Active Sonar, Tr-ansceiver

(containing both tubes and transistors), and Communication Transmitter.
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Part failure rates for varlous capacitors, connectors, counters, motors,

Inductors, diodes, and elect ron tubes are tabulated. All failure-rate tables

are based or measured data and, in some caL,<, extrapolated on the basis of

percent of applied full load power or electriLal parameters. These data are sub-

sectioned to be easily applied to the corresponding predictior. method being

applied.

5.1.11 FARALD

Title: Failure Rate rAta A

Prublication Date: Updated Periodically

Scope and General: See Section 2.1.3.

5.1.12 IrEP

Title: Interagency Data Exchange Program

Publication Date: Updated Periodically

Scope and General: See Section 2.1.4.

5.1.13 MSFC Astrionics Division I
Title: Components Failure Physics Analysis

Publication Date: 15 May 1963 1
Scope: Covers Failure Physics Stress analysis, including definitions

of equipment Therbligs , Failure Streasors, Failure stresses, failure Mechanisms

Failure Modes, and Failure Therbligs. Failure rates and the determination of

K-factor modifiers are included.

General: Analysis of the various basic component parts is presented under T

systematic criteria. The assumption is made that the Failure Stressor creates

a Failure Stress of sufficient magnitude to cause a failure. Consideration is

given to the likelihood of Failure Stresses. In cases where the likelihood of

certain failure stresses is very remote, these stresses are not included in the
analyses.

Results of the analyses are recorded in the Failure Physics Stress Analysis
tables. Each table is accompanied by a written explanation which shows the con-
siderations and processes used. These analyses result in the determination of
failure Therbligs associated with each component part. The Failure Therbligs
are assigned a proportion of the generic failure rate, in proportion to their
likelihood of contributing to failure (see Section 2.5). It in noted that a 3
knowledge of failure Therblig failure rates is necessary to properly conduct

failure-effect analysis, reliability estimates, and component-part-applicatlon

studies.
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A failure Therblig iailure-mode prograr was Introduced at the beginning of

the tusk to support the ASFC Astrionics Division Failure Effects Analysis

Progiram. By making failure rates available for each of trie failure Therblirs,

oreir useful and valid failure data were obtained. Trhe Improvement in validity

Is achieved by vonsidering only those failure rates associated with actual

Twe first step provides for the performance of f'iue physics stress analyses

on eac-,h of the ba"Ac compcnent part types. These analyses are valuable, since

detailed information for each component and each environmental strebsor are made

available. The infor'mation is recorded in tabular form. Each table is supple-

mented by a text discussion that explains the analytical steps taken and the

conslderations upon which the analyses are based. The precise meanings of the

terms employed in the failure physics analysis tables are defined.

This study recognizes that varying degrees of severity found in the

environment surrounding the component parts have a pronounced effect on their

reliability. To provide a tool for failure-effects analysis, K-factors are

derived that permit correction of environmental severity differences. A basic

condition of computer laboratory environment is established. K factors for

the conditions encountered in the S-I and S-IV vehicles are determined. This

program is supported by failure data from which the failure Therblig failure-rate

apportionm. tts have been made. A discussion covering this data and the methods

of calculation employed is included in this report, with mathematical derivations

included in Appendix A.

The failure Therblig failure-mode program is by nature a continuing one. I
To-ms report presents the initial acsomplishmentE. The exact status of the

program is not known because of the lack of recent documentation.

Generic failure rates included in this study are associated with the

following hardwarc :

_j Acceleromatera

Ceramic capacitors
Glass capacitors

Mica capacitors

Paper or film capacitors

Tantalum capacitors

Subminiature circuit breakers

Industrial circuit breakers:1 Mechanical pressure strain gages
Precision variable potentionmeters

General purpose relays (coil mechanism)

General purpose relays (switch mechanism)
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Fixed composition insulated resistors

Metal film resistors

Silicon semiconductors, transistors, and rectifiers I
Manual switchr:sa

AC induction tachometers

Thermocouples I
Electric signal transducers

Pressure transducers

Variable-resistance potentiometer transducers I
Subminiature transformers
Power transformers
Vacuum receiving tubes

Thyratron electron tubes

Analysis and data is provided on the following factors: I
Wear coefficients for sliding under adhesive wear conditions

Kop fai3ure-rate modifiers

Failure _'tressor applications

Repor ,Ad relay failures

Fail re Therblig failure rate tabulations

Fal. .ure Wade failure percentages

Fillure Stressors versus installation environment I
5.1.14 Rome Air Development Center

Title; RADC Reliability Notebook I
Publication Date: 30 October 1959

Scope: Reliability services, program management, prediction mathematics,

testing, and envirormental factors in the areas of mechanical, electrical and

electronic design, and hardware.

General: Concepts of the RADC Reliability Notebook are intended to cover I
the scope of the RADC reliability program. Each item handled In this notebook

reflects the state of the art at the time of publication or revision. The

notebook is issued In looseleaf form for flxibility of revision. As advances

are made In the field of reliability, the notebook is revised accordingly. The

Reliability Notebook does not attempt to cover all factors affecting reliability.

Only the more significant factors are considered or those known to be signifl-

cant and of current interest. Maintainability is not covered to any great

extent or in detail. A program Is now underway to revise and reorganize the

original publication.
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The revised RADC Reliability Notebook will include two volumes and will

be orLanized into two sections: Section I of volume I, entitled R,:liability
i'.n.kgement, will provide guidelines for system project cfflcers and reliability

manae'ers who are responsible for directing and monitoring system and equipment

reliability programs. It will be designed to aid managemenit decisions throughout

the system life cycle. It will discuss the merits, ahortcomings, and cost or

,vallable reliability practicos and techniques. Scecticn I in to be a guide fnr

* .or'r'E, . tii. *. cti4 :!
1

'~O o sys'e'
or equim-ent reliability. Section 11 of Volume I. entitled Reliability
EngineerinG,, will contain detailed descriptions of reliability methods and
techniqaQe. It will be designed for use by project engineerL In evaluating
methods md techniques, and for use by the rellatltt-y engineers who will apply

-t ien.

Sections I and II of Volume I of the Recliability NItebook will reflect the
Air Force's needs in ground, airborne, missile, and space applications. They

will be developed so as to be compatible with the reliability data and failure-
rate carves cf Volume II. The reliability practices, methods, and techriques

specIf-ed I' £ectior. I are described in Section II and can he cross-referenced.

1..15 orne Air Development Center

eitlei Dormant Operating and Storage Effects on Electronic Equipment and

Part Reliability -- Technical Report No. RADC-TR-66-348

Publication Date: Second Interim Report, dated October 1966

Scope: Non-operating failure rates and factors, failure analysis, design

consIderat!ons at the parts level, and mathematical models.

General: Over 78 billion part-hours of storage information were collected
from all sources. The data were processed and presented as non-operating failure

rates for part classes and subclasses, as well as for printed-circuit boards and

-.systems.

A thirteen-month data collection, analysis, and failure-mechanism-detection

prograin was conducted to determnne electronic part and equipment failure rates in
storage and in dormant operating conditions. The program employs data from an
extensive literature search and experimental test programs on parts and equipment

with known storage histories. A quantity of data from contractors under Air Force
coenizance is included.

Test data from the storage programs are said to have been statistically
analyzed to determine significant perfomsanoe drift trends with non-oparating
time. Part failures that occurred during storage were dissected in the labora-

tory, and failure mechanisms were isolated. Case histories of these analyses are
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iniormation program. Counterpart offices, with a similar span of interest and ,

with like responsibility within their own organizations, carry on the work of

this program in their Command, the Office of Naval Research, and in each of the

Material Bureaus. Project Offices and major Procurement Offices at subordinate Yý_

levels make optimum use of Data Managers and Data Management Officers, as appro-

priate, in support of this program.

5.2 Contractor Documents

5.2.1 ARINC Research Corporation, Publication 317-02-2-o47

Title: Avionics Reliability and Maintainability Prediction by Function

Publication Date: July 1966

Description: This report was prepared by ARINC Research Corporation under

USAF Contract 30(602)-3387. Technical direction of the reliability investigation

was provided by the Engineering Division, Rome Air Development Center, Griffiss

Air Force Base, New York. The maintainability investigations were also conducted

under The direction of RADC's Engineering Division.
'a

This technical report presents the results of a broad investigation that

seeks to advance the state of the art of the data analysis techniques used to

predict system reliability and maintainability. Principally, this study was f

directed toward development of a reliability prediction-by-functlon technqiue

for avionic equipment and units. As a result of the large-scale data-collection

and analysis program carried out during this study, a series of equations were

formulated that permit the prediction of mean time between failures through a

knowledge of selected performance parameters. These parameters represent quantities 'ur,

that are generally known early in the design cycle, enabling reliability predic-

tions by function to be made long before parts population and stress data, the

basis of existing prediction techniques, become available. an

As a result of this study, the development of maintainability prediction-

by-function techniques for avionic equipment was determined to be feasible. 4

Predictions in terms of shop mean time to repair, based on general design char- .

acteristics, were shown to be possible.

The feasibility of drawing useful reliability design guidelines frot engi-

neering and data analysis also was established. It was determined that design

criteria can be formulated to benefit the circuit designer.

5.2.2 ARINC Research Corporation, Publication 267-02-6-420

Title: Maintainability Prediction - Theoretical Basis and Practical Approach

Publication Date: 31 December 19 3

Description: ARINC Research Corporation,under a series of Air Force Contracts,

performed a long-term study of methods for procuring maximum value from afrborne
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S.ccti- nic equipment. The study covered by this report revises an earlier versinn

L*: the maintainability prediction technique.

Tiis report not only summarizes the theory behind the maintainability

:'cdlct~io technique, but also Introduces several refinements. The most signifi-

-cant of therc Is the prediction of initial delay.

The introduction of this latter technique perTdts predictions of the distrl-

L.titn , f tta- 2ystem dovantime due to malfunctioning equipMent. It uses measur-

o- bIe aspcctz cf tnl equipment tc, predict the probability of' occurrence of certain

.emental A tivities. The probabilities and the observed tinges required for their

poerformance are combined, acccrdine to a series of combinatorial relationships, z

t• produce larger and .arger categories of maintenance time, and finally, a

Ulstr•bution of total system downtime.

- - Tne technique, developed for airborne electronics equipment, is applicable I-

prinarily to equipments and systems used under the Air F~rce general maintenance

.aond cnly at the flight-line level. However, the research approach and the

basic relationships developed should provide for a degree cf general ipplication,

3S-,ple predictions are made for several systems, and the results of some cf

these verification studies are included.

".2.3 ARINC Research Ccrporation, Publication 152-2-274

Title: The Allocation of System Reliability

P, Pblication Date: 30 November 1961

I ; Description: This report, in two volumes, presents the final results of an

i ' rauThe study was conducted under Air Force Contract AF 33(6162-7468[j ~for' the A~r Force Systems Cozmmand, Wright-Patterson Air Force Base, Ohio.,
0,-s8earch started on July 1, 1960 and was completed November 30, 1961.

The developruent of the all.'catlon model, procedural methods, and data inputs

ireqUired for, Implementation of the methods are described in detail in Volume I.

nOne section covers the various reliability-testing techniques for determining

compliance to allocated requirements, and also presents guidelines for the selec-

-tion of appropriate test plans.

Volume -ii outlines Lhe step-by-step procedure for Implementing the allocation

models. Two of the more complieated steps are detailed in the appendixes of

Volume II. The basic data inputi and the procedure for using them are described

In Appendix A. Methods for deter-,ning the feasibility of the system requirements
are described in Appendix B. Detailed examples of the complete allocation procedure
for serial, modified serial, redundant, and bimodal systems are presented in

Appendix C. Several sections of Volume I are duplioated or condensed in Volume 11

so that the latter may be self-contalned and used independently of Volume I.
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5.2.4 Boeing Space Center D2-22440 Publication I
Title: Information Storage and Retrieval System -- Reliability, System

sarfey, aria Product Aassurance I
Publication Date: June 1963

Description: This document is a guide for users of the Information system

maintained by Boeing Reliability, System Safety, and Product Assurance. TheI Data Center within this organization provides support to all Aerospace Group

programs and also exchanges data with other Boeing divisions, other companies,

and Government agencies. The principal file areas maintained by the Data Center
are (1) Technical Reference File, (2) Historical Information and Failure Data

File, and (3) Interservice Data Exchange Program (IDE?) File. The contents

of these files, the indexing media, and the optimum search and retrieval methods

are described in detail.

Frequent searches are made for historical data and technical information on

specific topics that are required for reliability- and safety-assurance tasks.

The time and effort involved in research have been greatly reduced by retaining I
the most frequently used reference materials within the immediate area. The

Data Center has been assigned the responsibility of organizing and maintaining

an information storage and retrieval system for use by the space center personnel

and by personnel from other organizations. The system developed for filing,

retrieving, and checking out these materials utilizes standard library methods

wherever practical.

The Data Center furnishes the services of "Information specialists" to

provide information and assist the users in searching for material on specific

subjects. The specialists, who are an integral part of the information system,
are completely familiar with the subject categories and filing sequence of each
of the major file areas. Therefore, they are able to suggest an effective

search method for retrIeving the desired Information. In many cases, they are

able to suggest additional sources.

5*2.5 Boeing Compary DP-4819 Publication

Title: Aerospace Division - Supplier Reliability Guide 3
Publication Date: 15 September 1961

Description: This document was originally developed in response to 9
MIL-R-2667? but is still applicable as reference material for contractor programs

that muc mo ntain surveillance over the reliability activities of suppliers.

The contents provide guidelines of integrating subcontractor and supplier relia-

bility programs into a master program for control purposes.

1i
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I!
' F:P'viiuns are included for maintaining a suppller- selection system, baser]

ii reviews . f the supplier's rellability program, qua11ty nntrel system, lr, pe'-

tlon of facilities, and past performance to assure that the suppliers selected
:00 apatle -f .nintaining th'ý required level c. performarve,. Records of eacch
¶ .,p|lier's performance are •'K!ntaineo, from whteb an 'ipr,"•-,- qnntn I-!- -nt
eout:bhllshed 5nd periodically reviewed. This system assists the suppliers in
roler. solutions and provides feedback on corrective actions as necessary.

T!.e basic prcram provides for the recognition, levelopment, authorization

Sand staffing of all disciplines requlred to optimize reliabilIy. The deZre
t•, whici. supplier Implements reliability disciplines estzibliahes his initial
reliability rating. Tnis rating is a principal factor Ir. the selection of
B enj- suppliers. How well the supplier applies basic disciplines to a particular
pr:z.:ect, based on the reliability requirements and cost definitions, determines

- a naaner and degree of change made In his initial rating.

>5..o General Electric Missile and Space Division

Title: Vendor Reliability Specification SVS-42"70

P:bllcatlon Date: 21 S-ptember 1962

T-hscription; ThIs specification, developed in response to 1J4L-R-27542,
provides criteria for complete supplier reliability programs that are integrated

as contractual commitments. Assistance is provided to the supplier in the form
of guidelines on establishing a reliability organization and program. Comprehensive
Vo•rk Statements are required from suppliers to indicate that they understand the
specifications and the degree to which they will meet the requirements.

After a supplier has become oriented to comply with the specification, he
submits a program plan for review and approval, together with a proposal on
the cost of implementing the program plan. The proposal is then evaluated and

negotiated as a contractual document, and a program plan manual Is published and
- distributed by the supplier.

- The program plan manual provides details on how the supplier will meet the

requirements, his organization to implement the plan, and periodic reports that
will be submitted. For example, a reliability stress analysis is required for
the hardware (Numerical Requirement - 3.2.2), a formal reliability organization

-" Is mandatory (3.2.3.2), design and process controls must be established (3.2.8),
4 w&and test requirements must be developed and implemented (3.2.14)-- to list only

a few of the basic requirements.

3 11
I
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5.2.7 General Electric Missile and Space Division TRA-873-74
Publication

Title: Handbook of Reliability Analysis Data for Systems and ComQonent
Deslgn EgIneers

Publication Date: 1 July 1961

Description: Prepared to provide the design engineer with the tools and
techniques to be utilized for achieving the highest possible reliability in his

design rerponsibility, this handbook represents the results of consultations
between reliability consultants and design engineers that have taken place since
the original handbook was released in April 1960. The original and revision were

developed and published by the Missile and Space Division of General Etectric
CompanV at Valley Forge, Pennsylvania. Principles, procedures, and techniques

are included for all phases of reliability analysis, Including computational I
methods, derivations of an exponential distribution, tables, and reporting forms.

5.2.3 Honeywell Ordnance and Aeronautical Division Publication I
Title: Reliability Handbook

Publication Date: January 1963 -

Description: Originally developed in 1959 by the Honeywell Reliability
Committee, in coordination with eight Military Product Groups, the handbook was

expanded and revised prior to the most recent publication date.

The handbook was developed to explain reliability, and to serve as a reference

to the engineer with responsibility for developing reliability in the product.
It outlines some of the steps to be taken to achieve reliability In a given design
and to evaluate and measure the design in terms of reliability. In some examples,
the mathematical basis of reliability is shown. The appendixes provide biblio-

graphies, definition of terms, and abstracts of appropriate specifications. Theyalso cover quality conttrol interfaces, sequential sample tests, and reliability us

through safety margins.

5.2.9 Hughes 14erospace Division Publication

Title: Component Application and Reliability Handbook for Aerospace-- -_uipm _nt"

Publication Date: November 1964

Description: The primary purpose of this handbook is to achieve more

reliable design by providing the designer with pertinent component apllication
and failure rate data. This handbook replaces Designers Reliability Handbook
R-67-2, dated 13 march 1962.
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i Tihe au;sunption is madL that the ultimate success and reliability ofi

1 e:(ectt t nit equipment Lu cntrcllcd Ly Individual compcnent.• .nd how they aOre

'p:plied. The ability -f an electronic system to meet ita design oLJectives is
a:•crlbed :-i a function cf three types of component cosideratlIon:

oi) Slection for physical and electrical chararterirtlcs

;(•) lsign application to optimize functions for v-,ricus combinations of
SeJectriual, necthaical, and envi.ronmental stresr

(3) Fcllure rate, under condltions indicated above, consistent with the

overall system requirements

i::is h:andbcck is bound in ,iumes. Each volume comprises one or moru

=chapters. Each chapter treats a unique component fartaly, such as capacitors,

resistors, etc. Chapters are presented In four sections:

Section 1 - Prt Selection Guide

So-ctlon 2 - tmparatlve T:iftration

Section 3 - Specific- Information

Section - - Stress Analysis and Derating

Th-ýe first section is said to enable the designer to categorize application

of the component and select from a number of unique component types within the

component family. The second section compares the various characterlstics of the

component types. This information Is presented to give the designer a working

inowledge cf the characteristics and limitations of the selected type of component.

Additional details on the characteristics and limitations of component types

a -r'Iven In the third section. The bulk of the infornatlon in the third section
j• -'s presented in the form of charts. graphs, and tables.

Stress analysis and derating data presented in the fourth section are intended

to assist the designer in establishing a failure rate for the selected component.

F This section also provides data for determining the optimum derating factor for
selected components in a specific envirornment and application.

5.2.10 Lear Siegler Astronics Division Publication

Title: Astronics Reliability Manual

* Publication Date: 1966

escrjton: This manual was prepared by the Astronics Division as a guide

for the Division's reliability activ•itles. In addition to material on the mathe-

Smatical treatment of reliability, it also contains discussions ot failure-rate
data and their application, reliability testing, formal reliability programs,

and methods of collecting, recording, and analyzing reliability data.

MA 17 3
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Techniques and procedures for design reviews are covered, together with

sample checklists. These checklists include the areas of general layout,

electrical parts, environment, human factors, microcircuits, electromechanical
and mechanical parts, Installations, and a procedure on rell.ibility follow-up.

The analytical-methods section gives definitions and concepts, life histories,
random fal1ures, failure rates, basic 'alculations, and redndancy treatments.

Basic statistical methods are also covered in the last section.

5.2.11 Martin Orlando Report RR-001

Title: General Test Plan - Reliability Safety Margin Demonstration

Publication Date: January 1964

Description: This publication reports on a plan developed to present

several methods for performing safety margin tests and to describe the advantages
and disadvantages of each method. The plan was designed for safety margIn testing
on SRINT_ NIE-X equipment. This plan is Intenced to meet requirements for the
formtcl demonztr-ation of operating safety margin• in suhas•semblies and assemblleo
and at the unit-modute level.

The safety margins are demonstrated from the results of a test-to-failure
program. The objective of the test-to-failure program is to demonstrate an

operating safety margin of 5 with 70% confidence for each signrificant operating

characteristic.

The equipment to be tested is divided into two categories:

(I) Devicez that are capable of being operated repeatedly or continuously
for long periods of time

(2) Devices that are rapable of "one shot" performance only.

One-shot devices are subdivided into those devices for which small quantities
are available for test and those devices for which large quantities are available

for test.

Four methods for performing tests to failure are evaluated: a direct-
measurement method, and the Langlie, Bruceton, and Probit sensitivity-test methods.
A brief description of each method Is given, and the advantages and disadvantages
of each are discussed. A procedure is recommended for each category of
equipment to be tested. For devices of the first category, it Is recommended
that direct measurements of failure stresses be recorded and that standard
estimating and analysis techniques be used to evaluate the data. For the one-
shot devices, it Is recommended that sensitivity-testing technicians be used to
establish the safety margin. Specifically, for those one-shot devices which
will be available in email quantities, it is recommended that the Bruceton

11
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i6enLItivity test method be used. The Probit sensitivity test method is recom-

•I "Indd for the one-shot devices when large test quantities are available. A

;-•r~e:< test procedure and method of analysis is presented fcr each recommended

IT.2.12 Martin Orlando Publication O0-3583

Title: rWuintainatility Analysis and Evaluation

Publication Date: C•ctober 1963

Description: This publication was developed under C(ntract DA-0I-009-ORD-634

tc meet MIL-M-45765 for the U.S. Army. This specification established the quanti-

tative maintainability requirements for weapon systems and equipment. It also

covers qualitative requirements for active maintenance downtime at the operational

level.

Quantitative requirements are integrated into a maintainability program

and are based on the numerical computation of the expenditure of time, manpower,

and cther maintenance resources to maintain the specified operational and inherent

availability. The quantitative maintainability program, covered in this plan,

is divided Into four sections as follows:

(1) Prediction Technique. The technique described in this plan was adopted

from the method generally accepted by the three services. It was

developed to provide an engineering tool for designing equipment to

achieve maintainability goals. The prediction technique produces

maintenance time budgets and mean and maximum corrective and preventive

downtime to be used for design analysis. To ensure the highest degree

of maintainability at the lowest cost, the technique is used at the

earliest design phases as a continuing process, throughout R&D produc-

tion, and tactical life of the equipment. If it is not implemented early

in the program, the technique can be used to give the user an accurate

accounting of the system capability, skill level requirements, support

requirements, availability, etc.

(2) Design Analysis. The prediction technique is augmented by the use of

design analysis methods. Design concepts are analyzed to assist in

developing maintainable equipment for field use. This plan includes

f1 •the quantitative treatment of these methods by analysis of the

maintenance-downtime budget allocation. Trade-offs within and amcin

physical design features, facilities, test equipment, and iraintenance

i lskills can be identified to assist designers in meeting downtime budgets.

IlT5
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(3) Maintainability Demonstration. The equipment is tested to determine I
compliance with maintainability requirements. An engineering prototype,

or other late-model tactical equipment where no prototype is available,

serves as a demonstration model. Evaluations are performed concurrently 4,
with other prescheduled tests on a non-interference basis. A separate

detailed plan is prepared for any such operation.

(4) Test Evaluation and Reporting. Evaluation is provided for review and

scoring of local and field tests. Maintenance-time budgets are assessed
to provide actual accounting of the system capability and an evaluation -

of equipment design. Feedback and control of maintainability charac-

teristics are accomp-ished. When actual performance during testing

indicates thac goals are not being met, recommendations 2cr corrective

action are made.

This plan includes quantitative estimates of all eauipment replaceable at

the operational level. Estimates are updated on actual downtime as testing

progresses. Monthly reports are issued to summarize outstanding problem areas. T

5.2.13 North Amer•.can Aviation Autcnetica Division Reliability Test

Data r

Tttle: Statistical Analysis of Electronic Parts Reliability Test Data

Publication Date: 8 June 1964

Description: To obtain the high degree of reliability required for the

MINUTPEIAN Guidance and Control Systems, Autonetics imposed reliability improve-

ment programs on MINUTEMAN electronic suppliers. Each sopplier was contractually

obligated to obtain information on the characteristics of his particular part

through prescribed testing. The large volume of data obtained from these tests

weie processed and analyzed. Rather than analyze the data with a collection of

independent computer programs, an integrated system of analysis programs was

developed and used to analyze the electrsnic parts parameter data. The statistical

.alysis methods, data processing, and graphic examples of the analysis outputs

ar'e described and presented in this report. The report states that the statistical 4!
methods, techniques, and zomputer programs discussed are applicable to the majority

of engineering test data collected i' the electronic industry today.

This report (PUB X4-880/3111) was presented at the Fort ?4onmouth Reliability

Symposiwu in 1964. It represents the approaches taken for the complete analysis 7
of electronic parts test data that were developed during the MINUTEMAN Reliability

Imp-ovement Program. Extensivn reliability life tests were conducted on approxi-

mately 300,000 parts for periods of approxd.mately 5000 to 10,000 hours. These 3
tests, called matrix tests, were performed at many conditions of temperature,
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power, and voltage. The purpose of the tests was to provide information to

accomplish the following obJectives;

(1) Improve reliability by obtb ing failure-mode data and feedback for

design and process improvemt t

" (2) Completely characterize rel ability of electronic parts

(3) Develop screening techniques

(-. D-vclop realistic acceptance procedures

Tc assure that the objectives of the Reliability Improvement Program had

been met and to define clearly the reliability characteristics of the parts, an

extensive analysis of the suppliers' data was developed. The basic approach

of tilis analysis was to use graphic presentations of computer analysis to show

tI'enda in the characteristics of the parts with time and stress, and to define

these trends in an analytical manner. The analysis used both failure data and

electrical-parameter data. The parameter-data analysis was necessary because

it ,.as found economically unfeasible to conduct tests of sufficient duration

or si3ze over all desirable test conditions to generate enough failures for an

extensive failure analysts.

Computer routines were developed to analyze the data and to present the

output in a primarily graphical manner. The graphical output was presented on

the Stromberg-Carlson 4020 CRT plotter, which accepts computer output and auto-

matically plots the results. Data were submitted to Autonetics by suppliers

on IBM cards, which amounted to approximately two-million cards. This volume

of data required a new approach to the way in which the IBM 7094 computer was

tc be utilized in the analysis. This approach did net require an independent

collection of analysis programs, but rather an integrated system of analysis

programs. Two statistical analysis systems were developed to analyze any quantity

of test data.

5.2.14 Reliability-information Retrieval System

Technical Coverage: Reliability, maintainability, and value-engineering

information and reports.

Mission and Description: The Reliability-Information Retrieval System (RIRS)

is a commercial service for maintaining continuous cognizance of all areas that

influence and affect the reliability, maintainability, and value-engineering

fields. RIRS provides information tailored to the individual specialist.

¶ !Basically RIBS will provide subscribers each month with 40 to 50 coded

summaries of selected articles pertinent to reliability, maintainability, and

- -value engineering. Selected articles are summarized on 5 x 8-inch punched

coded cards. It is reported that these cards require no special filing and are
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retrievable whenever information in a specific area is required. The summaries

are short, cin'lse reviews summarizing the pertinent information and listing

the title, author, date, and source of information.

Status: RIRS is reported to be used by Government agencies, prime system

contractors, aerospace industries, and universities. Smaller companies are

reported to have also used PRS to cupport their rellabilitY organizations.

Each summary is coded by the classification system shoh-i on the file card.-

Tweleve major subject headings with more than 90 subdivisions are used, plus

a section for special codes. The holes along the edge of each card are notched

to correspond to the applicable subject.

This method of coding aids in classifying the subject and is used primarily

for information retrieval. When information is desired in a specific area, a I
sorting needle is inserted through the hole of the desired clasuified subject.

The cards are loosely hei.L and the sorting needle lifted, and the cards containing

the desired information -- those not.hed at the appropriate number -- will drop

out for further study. This method of retrieval requires no time-consuming

indexing or file searching, but simply the insertion of a needle into the desired

classified hole.

All aspects of reliability, value, and .,,,_ntainability engineering are

covered. Journals, magazines, and symposium proceedings are searched for

pertinent information. RIRS personnel attend applicable symposiums and meetings,

interview authoritles and search for information sources. The most desirable

articles, presentati.ons, or interview information are selected for inclusion in

RIRS.

Summaries are prepared and shipped monthly, usually from 40 to 50 per

shipment depending on currently available information. The niaJority of the

summaries are mailed within three weeks after material beccmes available.

Copies of the original articles are available at nominal cost.ý k

A sorting needle and metal filing box are provided with the first shipment.

Contact:

Mr. B.J. Oloon, Director of Information
Reliability Information Retrieval System
P.O. Box 215
Goleta, California 93017
Telephone: (805) 967-7022
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Title: .15 ARINC Research Corloratilon Publication 203-1-34•

Title Prediction of Field Reliability for Airborne Electronic em5.

Publication Date; 31 December 1962 ,

isepcrlpt-ost: Discusses a prediction procedure in reneral terms :•.l letails

-tep-by-step procedure for the prediction Itself. The procedures as< formula-

:ier'vatlons. are Jlscu_, ed In deta.l, and the observed part data are pr,- ef-ted in

£ the appendices under (i) wart Malfunction Rates, (2) Confidence Interw,'I Pre-

iicticn for Syster Malfunction Rate, and (3) Prediction of Operational Character-

Also presents part reliability data for airborne electronic systems, includ-

Ink fal lures per hour and required adjustments per hour. The data are based on

experience gained in 200-million part-operating hours that were accumulated in

nine jifferent types of airborne electronic systems used in the B-52 aircraft.

These failure rates are sometimes referred to as the "ARINC failure ra:-es."

5,-.16 ECRC Data Center

Technical Coverage: Reliability information on electronic parts -- summaries

o:' test reports generated by users of the equipment and parts.

,lission and Description: The ECRC program was initiated at Battelle Memorial

InTstitute, Columbus, Ohio, on 1 March 1959, The membership includes both Govern-

s1ent and industrial organizations.

Organizations support ECRC through Individual contracts with Battelle, which

are renewable annually. Representatives of the member organizations meet at

Lotttelle yearly, and Battelle personnel visit member installations each year to

t ".cuza the program.

The objective of the ECRC Data Center is to provide members with test

Information generated by users of electronic reports. Virtually all the data

are obtained from reports submitted to the program by the individual member

organizations. These reports are summarized by ECRC data analysts.

Status: The outputs of the ECHC Data Center are as CK~cwa i

Technical Met state-of-the-art information, and

1 h•gh-use par.ts: f-'.uaa wvch manufacturer comparisons can be made, for
. ~high-use parts

An index of all reports summarized, arranged both by IDEP classification

j number and by alphabetical listing of manufacturers

Data Summaries, which abstract data contained in test reports submitted

3 by 'che members
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IA
Copies of Test Reports, Provided on request from the members

A Special Services feature, which provides easy access to all r
Battelle's capabilities for quick-response projects

The cost of participation is $5000 a year, plus an additional $5000 the Its

first year to cover the cost of issuing the necessary backlog of documents to

the new member. (Cost to Government agencies is $4,600 a year, and no special

services are provided).

Contact:

Mr. Robert A. Yereance, Program Director
Columbus Laboratories we
Battelle Memorial Institute
505 King Avenue
Columbus, Ohio 43201
Telephone: (614) 299-3151, Ext. 2462 at

5.2.17 MINUTEMAN High-Reliability Component Parts --

Title: Final Summary of Matrix Data - Report No. C4-83/319 -

Pablication Date: 30 January 1964

Scope: Published by the Autonetics Division of North American Aviation
under Contract AF 04(647)-923; presents a final summary of analyses of supplier
data on MINUTEMAN high-reliability-electronic-component parts. The report

contains descriptions of supplier tests and a sample of the analyses performed. -
The analysis included in thin report consists of graphical presentations of both
failure-rate and parameter-stability analyses and estimates of the failure rate
and the acceleration factor. The data analyzed are primarily from the most recent 1

matrix tests.

Description: At the inception of tts MINUTEMAN contract, the reliability *

requirements for the guidance and control iquIpment were greater than could be
achieved at the time. The MINUTEMAN systeia wag requtred to be in a state of
operational readiness in an u-ldeogun' aowith all equlment in a O oondition.

The report describes a Reliability I: )rovement Program Plan, which includes
a series of tests that the parts supplier would implement to assure failure-mode
detection and subsequent correctivt action. The details of these teats are
described in this report. One series of caests, the matrix tests, were liNa tests V-

describing part-parameter behavior over a wide range of stress Conditions.

The parts suppli•rs were .requir•d to submit analysis reports to ,swu~m that
the failure-rate objetivaa were 'mt. The data taken. durix the arl; seat AA
contained information useful to a.1 MSU AN groups . Autonetica prepared a.
magetic-tape history file or "data bank" based on the matrix tests.

180

* ~~ -- --------- -



The information from this data bank Is currently beir.g used to fulfill some

of the requirements of the AFSC Parts Management Program. It is believed that
these data will be useful in other programs to assure the growth and use of a

family of known reliable parts.

This report presents a summary and a sample of the information available from

the VI!PJTEr..N matrix tests.

5.2.18 Martin/Denver MI-60-54 arid M-63-3 Publications

STitles: Reliability Application and Analysis Guide

Engineering Reliability Policy and Procedures Manual

Publication Dates: July 1961

October 1963

Description: The failure rates contained in MI-60-54 (Rev. 1) are sometimes

referred to an "the Martin failure rates." A later version of this publication

Is the Engineering Reliability Policy and Procedures Manual, M-63-3 (Rev. 3),

October 1963. Martin Company, Denver, Colorado.

The failure rates appearing in MI-60-54 (Rev. 1) first received wide

circnlatiori In a paper by D. R. Earles published in the Proceedings of the

Seventh National Symposium on Reliability and Quality Control, January 1961,

"Raliability Growth Prediction During the Initial Design Analysis."

A second paper by Earles, M. F. Eddins,.and D. R. Jackson, "A Theory of

Component Part Life Expectancies," appeared in the Proceedings of the Eighth

National Symposium on Reliability and Quality Control, January 1962. This A

paper contains a tabulation of generic mean life expectancies for several

hundred electronic, electrical, electromechanical, and mechanical parts. In

it, life expectancy is defined as the point in time, or cycles, at which the

failure rate increases above that due to random failures. A third paper, by

-7 Earles and Eddins, reporting on work performed with the AVC0 Corporation,

-Wilmington, Mas. "Reliability Physics (The Physics or Failure)," appeared in

the Proceedings of the Ninth National Symposium on Reliability and Quality Control,

"January 1963. This paper contains an updated tabulation of the generic failure

rates and life expectancies presented at the two previous symposia. These values

are sometimes referred to as "the AVCO failure rates."
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U. DATA ELEMENT EVALUATION

Tables 3, 4, and 5 identify the data elements eollected, and the collection

forms used in 17 Government and 5 Contractor reliability and maintainability data-

collection systems. Together, these tables provide a method of correlating the

data element with each system data source so as tc identify the type and number

of data-element descriptors being collected by each of the 22 systems.

6.1 Table 3

Table 3 identifies the data elements collected for each of the 22 collection

systems. These data elements are divided into the four main groups.

(1) Item Descriptors

(2) Reliability Descriptors

(3) Maintenance Descriptors

(4) Cost Accounting Descriptors

6.1.1 Item Descriptors

Item Descriptors are divided into two sections: (1) Item Identification,

and (2) Hardware Location and Source Identification. The item-identification

data elements IdentIfy the specific system down to the part level by name, part

iumber, and serial number. The Hardware Location and Source Identification data

elements locate the reporting organization and/or the activity using the

equip 1v •t, th- physical location of hardware in relationship to the particular

:;ystem, the g-ogrepphical location of the system, and identify the hardware
anoufacturer and contract number.

6.1.2 Reliability and Maintenance Descriptors

The Reliability and Maintenance Descriptors are also divided into two

sections: (1) Time and Number Data Elements, and (2) Circumstantial Data Elements.

The Time and Number Data Elements provide the quantitative information required

to compute mean times/cycles between failures (W /MCE), failure rate, availa-

bility, and system effectiveness measures for the hardware. The Circumstantial

Data Elements provide both the qualitative and quantitative information required

for the following types of analyses:

(1) Confirm and isolate failures.

(2) Define the cause(s) of failures.

(3) Evaluate design performance and capability.
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(4) Assess manpower and support requirements or deficiencies.

(5) Evaluate the supportability of the design in a militarj environment.

(6) Evaluate the operability of the design in a military environment.

6.1.3 Cost-Accounting Descriptors

The Cost-Accounting Descriptors are the data elements required to monitor . ,

the operational cost of the hardware. This information necessarily overlaps with

certain of the other data-element descriptors. With the general exception of the

Item Descriptor data elements, the most important data elements are repeated,

where necessary, in the Cost-Accounting group to emphasize their dual application

in Cost/System Effectiveness Analyses.

The other columns of Table 3 represent each of the data collection systems.

The "X's" in each column mark the data-element descriptors collected by each

system data source.

Each of the data-collection systems listed in Table 3 has been assigned

an alphabetical system designator (A through V) for identification purposes.

These alphabetical designators are also used in Tables 4 and 5 as a means of

correlating the system data sources with the data-element descriptors collected

and the data-collection forms used for each system.

6.2 Table 4

The first column in Table 4 lists the data-element descriptors and is

identical to Table 3. The second clumn of Table 4 defines or explains the data-

element descriptors. The third column itemizes the alphabetical designators of

the systems that collect the particular data elements.

6.3 Table 5

Table 5 presents the data-collection forms used by each system. It is noted

that certain of the data-collection systems use several data-collection forms.

In such cases, an asterisk is inserted to indicate the form that was used to

obtain the data In Tables 3 and 4.

The other data-collection forms are included to illustrate the various I
applications of reporting forms for management and equipment routing purposes.
For the purposes of this Data-Source Guide, the forms selected to identify the

various data elements collected are primarily used by organizational level
maintenance activities, as opposed to intermediate or depot-level maintenance
activities. Data elements collected at the latter maintenance levels seldom
expand on the information collected during organizational maintenance activity.

In a few cases, where some additional data Is collected at the intermediate or
depot-level, the additional data elements cannot be readily associated with the
main body of Information collected during the Initial organizational-maintenance U !
action.
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6.4 Use of Tables 3, 4, and 5

Used together, Tables 3, 4, and 5 provide a conversion capability for the"22 data-collection systems. An example of how these tables may be used is given
, ias follows:

I!' an MDCS participant requires data that are not collected under either
MDCS (ships) or MDCS (air), reference can be made to Table 3 to determine under
wnich systems the required data are collected. The participant can then refer to
T-ble 4 to determine if the data elements of interest have the same definition in

* •all systems. Then, by reference to Table 5, the data collection form which
specifies the data's use can be found.
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TAKLE 411
DATA ELEMINT DEFIITONS AND IOENTFIRCATION OF SYSTEM SOURCES OF DATA

~lei~,tm AFFLICAKE TO FA# ATAIELEMINT DESCRIPTORI '

F:'NB~zca Pln ndPiece Federal Stock nr,-merp bureau pl.':e number, or
rjuvr'i,er Dxwn7Nibr drawing. number of system eqciupment -

CDfl'APL AN Nurxber Component identification number, Allowance- A-0
Farts-List number, Army-Navy number of equip-
ment In V'h-h replacement part was used

L~ynate/iluprcent 11ame Noun name identification of' system/equipment
at the h-ighest assembly levelM--Q-SV

Systeri/Eoulpment, Par't Seven-digit letter/number sequence code (EIC) A-D-H-I-ý-Y.-I.-1-O-
11iumbe- or Identification or federal stocl, number (PSN) at the hi~hest P-04-5-111
C'ode i~embly level a

;:cte i-:uipmet Sn-iwi Mazrufact~jrer"s 3criai nurlber assa meI to the A------TJ-
s's ter-/equilpr-.,nc Pi-

"7<¶ Incl S.Na
1  unliez Nnnial nurter or' nisa.Lc, aircraft or other

1 vehilclenin whlch failed part. was located

A:b,3muly ?`vne Noun name Identification of the ajsembly In ---- Of---
wjhichj thet failedl part is located

Paed~yFr,- Number or Equipnient lderitif'icatlon cod~e numbier (51(:1 or JKLNOPQhS
IVentlfL.7attlon Code federal stock number (FSN) of' th.e assembly T-V

Jkqsemnbly Seriatl Number Marufacturerls serlal number of' he assembly I-J-N-Q-P.-S-T
contamininf falled prt bi

Lutaaasr~tlV Name Noun name Identification of' the Subassembly
where tthe failed, part Is located VA

1Tohnecy Part Number Equipment iden'.fication code numbei.' (E:LC) or ,
ov lient~ftcat1on Code feder-al 3rtuck nincoer (PSN) ,mf rhe subassembhly S-V

cnirrrfnliod part

:~iKcaeniy:h~wl umier Manufacturers serial numrber of' t.:e sub:,ssembly --- J--f-
contalnlflf the failed paz-t

%-.servt y o:01 l: Manuufacture-r's draw'nkg reference, circuit, E-F-0-B-3
nation symbol, or other ldentification of the sub-

asserbly iontaining failld partj J
Fulled Part/Item Nurrber Equilpment J. ±UntIf~cation cod& rmuber (i-C) or -4JL-4NO?

federal atocl, number CPSN) of the failed part Q-1--5-T-U-V i
F:-Iled Part/Item Nalli Noun namie identirication or the& failed part ANOP-~L

Failed Part/Item Serial ganufacturezr 'a serial number of the failed A-B-D-N-Q-N-8
Number part or Wtm

PA I I d FnIrt/Tte-l Symbont-l M-rufacturer'5 draving reference, circult, ADXLNOPQN
b'xŽ5Irn.%tiom or Code 5symbol or other Idertiticaticri of faIlled part S-T

or ltemn

(iteroved Item) itema removed from equipment ji
Part Number (Inatalled P art nusmbel r or ederal Stock number of roplace- A-J-N114
Item) L~ent part or' itemi

Serial Number (Installed Manufacturer'.s Serial ruMber Ci' replacement 911R
Iter.) part or Item

(I) Hardweare Location~ and

3filp !.&we/Hull ftrdar/ WamaLIosx of tt.e equIpmeht that Is the a. aree ~ "C-'lc'.
Type satloni or the date a---i-.!

firlenato/Admn~stattv



TAKE 4 - _______

P - ' -- Y ~ rq _ Me rr - e-.. .

* -aticci (Physical) Lo'-at I'm o!' faulied part !i! theeqj,'r A-I

r a o ci aer.hlv If more tla rione of '." r

I'c- i I.A/C*%r'- 'di description aj lret v tomc t mnter or irIT

ter 4Ciapuitor I ai r of eoulp#ienrt in the rateverrI5, w-,m
ulprooet falled part was located

1 PT p' ot conr,' I oi- mr.rr of 'oil vitor or murnufacturer f "ýqitperent P-

,..'j-t~i Manfactre: oun rare olcet! ficati ci- of msarcufacturer 0of

assembtly cor talniore foiled part

- jj''l nI'rufart ~rer' Mt fur: c-e Ilientlft-catlon of Mianufacturer Of F----
-osi ;containing failed part

F P'rt/ie 'lennu±r- Noun naLe !t-erntlfl'atlor of 'anufa-turer- of -- JUfl.-
* .c'tre title. part or Iter

l'i-noii'cturer Name or Code N~ouni rote iderttifcatloo of manufactuirer of S-K
oil-'lou1 Asr~rlI; rplacem~ent assertr-l'

":,-rcturerv Il;4 r or' Code Nloor r~ane lientilfct I..,. or manufacturer j f

ii' cr ueiItm eplacement part Of' I ten

*:tvact IX.: 4cr !:urrc' Ideirtlficatlon of contract ur:Ar- we:.c
the sysrem./ejotp!ernt contalning fal led pr'-t

wsprc':re-1

Pi-oductlon 3-tatcxo Lcceiopreerc, preproduotioci, or operatoional Ni

at thte timqe fatture occurred

-) n ii Nuriluber lats

Die r Fc~jre Aucirmltterl or, Ca-lendar date Co,-. to sub-citted cr calendar C-D-C-Q-il-J-L,-M-ti-
ato of ikeport dote report In completed Q-P-P-U-V

Date of Failure Calendar date failure occurred or rialfune- fl-E-P-G-I-J-Q-$i-T
tier :lout otoer-vedl

TPr at, Failure Clonick tine f oreccurred of waai f~rst i--IN--

D-te of Lact Failure Calerndar date of lfast failurv of any Vind on II
~ I I the equipment

Total SyxteeA/Vqulprrent Total clock nooars of operating tlrie loggeJ on,

%e-,ratirZ Tine the equiprosirt when the failure oc-curred

Operatilng houru ion Failed. Total clock Nouro of operetlag t1M accis- D-R.K-M.O-Q-ft
Part lated on the failed part

T*m Meter Readings (Log Claock hours of operating time on the equilp- A-C-D-F-L-I-J-F-2

noo TiwesA/Muliunctional ment -- freer meters or log boot, -- whenH 3  Lasl Coroponent Failure since the last part failur, of a~ny iRInd

Total liro-,ber of Launehea, Tfotal accumulated nuarer of Jeicuahea, starts, .1
--tairt3, or Landings Sinace or lanings since* the failei equipvert wass

miles Mileage tram odeester6 mounted on tne equip- P
ment where C alted part i3 located

Pounds totial nierber of' rocund& ired P

starts Total mokbebr of hot starts tot jet& or turbineo
________________________engines_________
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TAKE 4 jCsmtinmueI 1
D t iler ents DI't'inltior or Expia•,tisn ] - to'.

Tihe SInce New (Vintage) Ciie,•idrr years and mnnt'sq sirnc the e tulý.ent -- u.•'-
X'Texvit In, Statuas) tionnl -.•e

_____mt:Cr,% Dreantie Tie totul tine duling whIch tie equipment is I-J-O
not In -'ept-ble operating condition -

.obtj oystems (flercer) Total nun-hers of equipments In npcilt A, at fa
tne reportlng, activity

a~to-. Mean Time Total errured operating time divided by the M
total nunl-er of failures

Tat0. a.. *211t=2 aliupee ý lnvyýTv-d it- n e'M rapt~- !i
ment malfunction

;ý-.-..ber 01^ Fa•ilures (E,, cn Tfital nuý:,!ber of f~llure3 In eae , failure moe~i, ?-,--
•;Ide) r'oý, each equipment malfunction

Total numbller of parts , replated to u otan r u,- KB-.-ClP'•r• )ber .ionsaum.e! In 7.a!Ine t'-e repairs

Failed Matterial (ýua~ntlty) Total numnber of parts re+placed lr,' - '• B-F- •Q
equipment nalfunetion

Pe•-ent of Estimated percent of all f-ilures reported A
Tot'Ll FilIM.UI's fepo,-tad during a given report period
F, A ý.: _R,.te At any point in the life of naterial, the K-M-O 0

Incremental crman,,t In the num.ber ý,ailurea
(ct'anýe In tf:e mea•sure of life) 9

r 'Cponert Population Total nUMeler of p-(r)it cr compon•ntz It- L-a--E.Ivon universe under study

Date and Duration of Test ualendar date of test r•neme fa•Ilure occurr-ed M-O-F,

and duration it hours to the time of failure

2lvc.IPuc:. tunt mal hets

identilczation of Test or Conditions of' test, type of test, test data, C-Q-R-iU
ti:v~ty In Progress and duration 4

§1 ctuv of E '.inment -rcle ai %:-roev: to indleate status of equip- B-D
nt prior to Incroorating specified tech-
cll d treculves

i: tCi:ueA Tlh ITtended eo..! use envlroinrent by lnstallation M
envt rotcen's

iA-".virui.-cict lcEn-.ronr.eut w,;et failure ,ecucred K-N-C-i-.

En'irzon.nen•al Special env~ronmental conditions when failure N-C-U N 4
- torna occureld

Ftchore Reporting. Sya'er Controlled or uncontrolled system, method of N
reportine, personnel reporting., definttion of
failure, and estimated percent of total fail-urea reportced L

Type of Report Cheek-off list of six classes of reports; P-J-P-S
%pproximate bloic is checked to Indicate type
of report

Report PriOrity The saaignrmnt of pliority classificatiors such A-C-J-N-P
as Urgent" and "Flight Saety" to the report

E -lipsent St.tus After Eulipment perfor•e=nce after failure occurred A-I 1
F "Iluve

Type of Failure The one code, out of three, best describing the DF4-K't•RT-I(Critlial/MajorPilnor) type of failure

Primary or Secondary To indicate a prima fallure or a failure D-F-K-0
Filure causod by the fa•lure of another part Pj

Operational Coiditiun ais or three cl•a•ifIc•tions describing effect P-I-K
of fiAlure of, equipment operatlon

Discovered (CodePrime/ A aing]e-letter cole which Identifies when A-b-I-3-N-P-4-T
Bitu, ion) mal'u ,ction of the equipment or coponent was

l(scct maci
(OoOVnuei
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t
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a4- C l"t lot at desct.'tptonn, iroear-cs, - !r

ri-. Codto'(Eallet A tr ree-Atlgt -s.oert c-ivi .qenrlt:rz ~t~uj A-J
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Ii • APPENDIX A

I ! DESCRIPTION OF THE METHOD OF APPROACH
S~USED IN TEE SURVEY OF DATA SOURCES
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I A PPENIX A
DESCRIPTION OF THE AM D V APPROACH

USJED IN THE SURVEY OF Di-TA SOURCES

i. SSurvey of Government Data Sources

Letters of inquiry were sent to 68 military and industrial data banks
"listed in the Naval System Effectiveness Control Manual. Fifty-three responses

were received. Information resumes (Form DD-1498) also were received from

Headquarters Naval Materiel Command, NAVMAT 0325D, describing over 60 systems

that are in operation or are saortly to become operational at various U.S.
Naval activities. The information obtained from these sources is described in

Sections 2 and 3.

Exhibit 1 is a typical letter of Inqviry that was sent to activities known

to have data banks In operation. Exhibit 2 is a list of the activities that

responded to the letters of inquiry, including the name and address of the person

to be contacted on matters concerning the data bank.

2. Survey of Contractor Data Sources

Exhibits 3 and 4 are copies of the letter of transmittal and questionnaires,

respectively, that were sent to 300 contractors during the data-source survey.
The names and addresses of the 126 respondents participating in this data-

source survey are listed in Exhibit 5.

Exhibit 6 presents a tabulation of the answers received from the data-source

questionnaires. The total number of answers to Individual questions does not
equal the total number of replies to the questionnaire. Many contractors
answered several parts of a single question, while others provided comments
un.der the broad hea4ina of "Other" without ýanswering spefIfe questions. For
example, under Question 7: of the 69 contractors who used in-house data for
studies of reliability and maintainability, the majority also use KCL handbooks
and specifications. Also, almost every contractor checked more than one answer
to Question 12.

,fLI 3. Observations froM the Data-Source Suvey

An evaluation of the responses to Question No. 7, regarding the source used

for failure rates and procedires, revealed that praotically all contractors use

[ a combinatlon of data sources to obtain Information for reliability and maintain-

ability predictions. In only a few eases did a contractor use only a single

A-3
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document for this purpose. The extent of such document use Is noted as follows:

Referenced Document Used Number of Contractors

J.L-HDBK-217A 72
In-House Data Bank 69
MI.L-STD-756A 41 V
All Other Data Sources 37-• -

NAVSHIPS 93820 214
Other M)L Documents 22 2

FARADA Data 20

?IL-M-23313A 20
IDEP Data 6

3.1 Currency of Data

The currency of data used for predictions can be established by the

publication date of each document. For example, NAVSHIPS 93820 was published .

in April of 1961; MML-HMBK-217A in December of 1965; FARADA is updated periodi-
cally; and in general, contractor in-house data are updated approximately once
each yeir. However, before specific contractor data are used as reference

material, it is recommended that the contractor be contacted to verify the
currency of his data. 4

3.2 Contractor Methods of Collecting Data I
The following observations of contractor data-collection methods were made

during the data survey:

Of the companies responding to the survey questionnaire, 80 percent
maintain some form of data collection, and most of the contractors use
a mandatory form supplemented by Information obtained from their
engineering reports. The mandatory form was one of several methods used
by 148 percent ct the contractor.; a reviewof data ob=-.d •m i ern ..er-
ing reports was the method used by 46 percent. Combinations of these two
methods are also used. Evaluation of the survey responses Indicated

that a typical data-bank profile would consist of the following elements:
• Data collected by mandatory form

. Data used prima ily by reliability, management, and quality-oontrol
personnel

• Predictions made from MNU-MMK-21A and In-house data; stress

analysis and k-factors usually used for predictions

* Parts normally derated for environmental conditions

• Data classified by ty;pe

U
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II

Limited field data from operational equipments; most of the data

-i from aircraft and groiund equipment

• Data from envrronmntal and reliability demonstration testing

(The main source of data)

* AGREE test data (minimal)

Reliability and engineering personnel are the major users of such
I data, 96 percent and 88 percent, respectively.

* For the predlction of reliability, IUL-HDBK-217A is the primary data

source (77 percent), followed by In-house data (74 percent).

* Stress analyses are provided in 80 percent of predictions. ApplicationSfactors (k-factors) are used in 79 percent of the studies, and parts are

derated for environmental conditions in 88 percent of the studies.

Sixty-five percent of the bark data are classified by equipment type,
such as electrical, electronic, etc.

"*The three applications from which data are most widely derived are
aircraft (50 percent), ground equipment (49 percent), and missiles
(35 percent).

* Thirty-four percent of the data banks collect nonoperating failure data.

A * • Of the contractors answering the survey wha do collect data, 15 percent

collect test data but not operational data. Therefore, these data
- •would tend to be optimistic. Five percent of the companies collect all

operational and no test data. These data, therefore, would tend to be
conservative.

• The major sources of test data for the contractor data banks are

environmental testing (68 percent) and reliability demonstration
te-sting (68 pericent).

* Seventy-eight percent of the contractors collect both test and
operational data.

* Eighty-eight percent of the respondents collect field data from

operational equipment.

AGRIE test results are used to some extent by 20 percent of the

contractors. The AGREE esults were lower then predictions in 32
perent of the ases, and AGM results were lower than operational

failure rates in 4T7 percent of the cases.

A-5
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EXHIBIT I

LETTER OFIUY

SN ý ^EEARHCORPORATION

September 2, 1966
msP-66-123
Work OGrder 527-10

Applied Physics Laboratory
Johns Hopkins University
8621 Georgia Avenue
Silver Spring, Maryland &,.1

Gentlemen:

Under Contract N00140-66-C-0151 with the U. S. Naval Applied
Science Laboratory, ARINC Research will perform a survey to determine
the status of the data sources in Appendix B-2 of' the Naval System
Effectiveness Manual, Book 2, published in July of ?.965. In addi-
tion, the company will determine if any additional significant sources
exist, and acquire the information to update and expand the descrip-
tion and classification of the sources in Appendix 13-2.

The FMSAEG Data Bank is one of the listed sources to be surveyed
in the Task Statement. A description of FMSAEG appears below; it
was taken directly from Appendix B-2.

FMSAEG -- Fleet Missile System Anelysis and Evaluation

PMSAEG is a BuWeps organization that has an integrated program
for the collection, processing, and analysis of reliability, oper-
ability, and component part-failure data for surface-missile xsstems. .
While the, major portion of the 'data-cbll~tloni Thnetioiftille
replaced by the MDC system, the F1'EAEG processing and analysis will
continue. During the transition period, both FMSAEG and MDC systems
will be used.

FMNSAG has the following three principal ar'eas of analysis:

(1) Surface-missile flight analysis,, including firinig reports.,
telemetry records, and flight-test scoring.

(2) Surface-misslle test equipment and missile checkout.
experience, including failure rat. tabulations of missile

modules and check-out equipment.
(3) Analysis and summarization of certain fleet equIpment

data to yield measures of average up-.time in varlous
operating states* This tzype of au6 ..u*I' produces a.
gross measure of readiness.ANNPOISQI4C - "t'TS . ....IS AYAN W~A itfY ~AA~ii?&. ' p. n [



Information not available from the MDC system, but required

by FMSAEG for its analyses, includes the following:

(1) Periodic, Identif~ed time-meter readings of all time
meters on th"iesefeu_-oted" equipments, as now provided
in Foim &00f/23. These data yield comparative-usage
time comparisons in the various operating modes, and
"allow the single meter reading, taken at the time of
maintenance in the M)C system, to be far more useful.

(2) Daily System Operability Test (DSOT) scoring and results,
formerly provided in NAV'JPS Form 8821/9. (The recent
revision, Instruction 8821.3A, eliminates Form 8821/9
and, instead, provides for the collection of DSOT scoring
and result information from status reports.)

(3) Continuity detail, shov:ing the sequence, time of day,
arid interaction of maintenance JoDs. These data are
invaluable during a detailed engineering review of
selected portions of the data base.

(4) Operational challenge and admJnilstrative pre-emptive
informahr., so useful in analysis of the relationship
of ship operations to readiness, or to obtain fault
detectability measurements.

(5) Hourly status categorization, as now provided in Form
882-1/5. This type of reporting makes possible the Status
Indices.

The required information will be obtained through the use of
an additioral reporting form, probably Form 8821/5B, which is a
simplified version of the present status report and two other reports
currently in use; namely, the "Commanding Officer's Narrative Report"
and Form 8821/8, "The Surfase Missile System F'i•ing Report". There
will be a minimum of data overlV between tbese three reports andthe MDC report.

J For Part I of this survey, will you please up-date this
description and return this document, or provide the necessary
changes so that updating may be performed by ARINC Research.

I IFor Part II of this survey, plesse Vrovide correct information
on the following:

11 1. Official name of your deata bmank.
2. Location - Street end City, or aailliýg address.

I i3. Naza anid Title of person to contact.

.. ..
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L&. Description of data-processing facilities and estimated
capacity

5. Kind of outputs provided, such as feailure rates, repair - .
times, TWW calculations, summar'es, etc.

6. Equipment specialization, such as RADAR, SONAR, general
communications equipment, etc.

7. Specialized area of data interest, such as reliability,
maintainability, etc.

Your cooperation In responding to this request is appreciated;
it will contribute to the quality of data-source information avail- -

able to Government Agencies.

Very truly yours,

/i Project Engineer, MS , t

J1I1: zm *

All

U1jLl



ACTIITIS RSPODIN TOLETTERS OF INQUIRY ON THE

STTS FEISIGDATA BAM4 trNv

Commwider, Naval Air Systems Command National Ocean.graphic Data Center
UDepartmeval r.,,' -n .av Department of Sy sNavy
AnalyWashingtonl D. C. v 0a60 WaGhIladton, D. e ya20190
ATTN: Mr. R. J. Foxtero
• University of Pennsylvania

"U.S. Naval Fleet Missile Sys5tems alSP &igin

Analysis and Evaluation Group Philadelphia, Dision i

IDRP Data Bank
Corona, California 91720 ATid: Mr. William A. Miller

ATTN: Mr. S. 1. Pollock Researcblt Specialiste

DepS.Navartn oFth Nassy Departmen of the Navy

UAalisuarters Naval ati r Ship DE ineering Ctnter
asi Philadelphia DivisionFAT:Mr D. Wa n s PhnF adelphia, Pennsylvania 19112

VCorona, California 91720
ATh Johns HopkinsUniversATTN: Mr. C.i. G. Murphy, HeadATN r .R or Dependabil ityrnh Engineering

Applie Physcs Labratoh

As suraunc e Engineering

Department of the Navy DepartmentATHedquarter. Naval Materigam Commandi Washington, D. C. 20360'

A iATs: Mr. D. W. Monson Fleet Work Study Group, Atlantic
U. 3. Naval Station
Norfolk, Virginia

She ioTns Hopkins Univeroity ATTN: LCMR A. WW.Hughes, dUeApplied Physics ILaboratory
86ha Georgia Avenue
SPtver Spring, Maryland Department of the Navy
ATTN: Mr. B. H. Buckingham Bureau of Naval Weapons

Assistant to the Director Fleet Readiness RepresentativeS~Atlantic
; U. S. Naval Air Station

Maintenance Engineerin•r Analysiq liorfolk, Virginia 2.'511
Branch ATTN: Lr J. H. SperSService Test DivisionATN MrA.HScmer

Naval Air Test Center
Patuxent River, Maryland Department of the Navy
A',Ti: Mr. D. P. Manahan Oper'ational 'rest an~d Evawua.on'

Assistant Head Fore
Norfolk, Virginia 23511

Commndin OffcerATTN: LCDR J. R. Spero, USN
S~Naval Supply Depot

5801 Tabor Avenu~e Department of the Air Force
Philadelphia 20, Pennsylvania Headquarters Rome Air Development

ATTN: LCDR SC F. H. Keefer, USN Center (A"SC)
Director, Data Processing Griffias Air Force Base

Department New York 13440
ATTN: E.ERC (R. Haua/330-4102)

(continued)
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EXI4IBZT 21 (continued) I
Department of the Air Force Director If

Air Force Materials Laboratory (AFSC) U.S. Army Human Eng.neerin-
Wriyt-fttterson Air Force Base Laboratories -
Ohio 45433 Aberdeen Proving Grounds

ATTN: MAj4 (Mr. Klinger) Maryland

Purdue University Plastics Technical Evaluation
Thermophysical Properties Research Center Ae

Center Picatinny Arsenal
Purdue University Research rark Dover, New Jersey 07801
"2595 Yeager Road ATTN: Mr. Harry E. Pebly, Jr.
West Lafayette, Indiana 47906 Chief, PLASTEC -
AN': Mr. Y. S. Toulouklan Ali

Director U. S. Army Natick Laboratories -

Natick, Massachusetts

--- Mechanical Properties Data Center ATTN: Mr. Dale H. Sieling 4
13919 West Bay Shore Drive Scientific Director
Traverse City, Michigan 49684
ATTN: Mr. M. J. Konold U. S. Army Cold Regions Research Aso

Administrative Assistant and Engineering Laboratory

Hanover, New Hampshire 03755 -.

Department of the Air Force ATTN; Colonel Dimitri A. Kellogg
Air Force Materials Laboratory (AFSC) Director
Wright-Patterson Air Force Base
Ohio 45433
A~TPN: MAAM (Mr. rhDepartment of the ArmyEmrich) United States Army Tank-Automotive

Center
Department of the Air Force Warren Michigan 48090-
Headquarters Rome Air Development ATTN: Mr. Raymond K. Braman

Center (APSC) Acting Director
Griffiss Air Force Base Maintenance Directorate
New York 13440 (NMP)
ATTN- EMFRR/L. Gubbins/330-4064

Department of the Army
Headquarters, U. S. Army Test v?

Department of the Air Forceand uaton
Headquarters United States Aberdeen Proving Gromnd

Air Force Aryla nd
Washington, D. C. Maryland 21005

ATTN: AFSMEBB ATTN: Mr. G. A. Gustafson
Acting Chier
Test Analysis and

Department of the Army Operations Office
! ~~Headquarters, Unites States :

Army Weapons Command U. S Army Nuclear Defense LI
Rock Islan~d Aroerial U.S-WNcla ees
Rock Tslandt, Inllnols 612o1 Lt t

Edgewood Arsenal, Maryland 210O1
ATTN: Mr. K. A. Herbst, Chief ---- " Mr. th HriS... .... S ..... ATTN•: M. Luther M. Hlardin••

Stdzn & Tech Serv Office CheEalain Dvso
R&D Directorate Chief Evaluat . .... I

(continuaed) L
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EXHLBIT 2 (continued)

,*jtnn of h m Dprmn of teAm
ueodquarterc, UnIted *taten Uof. A th. e Pen a

Army Materiel. Command Agency
Washington, D. C. 20315 Watertown, Mansactuzetts 0i.7:
A77N: Colonel John C. Gunning ATTU: Mr. D. E. Drceoll, Chief

Chief, Plans and Programs Materials Tenting Laboraton,
Office

Dilrectorate of Maintenarie

Head'juarterr Isniled Stater Army
Commanding, General Mlssl.e Cr'mrsar.d
T1. S. Army Materli'- a Redatonle Araenai, Alabama 358C09i ..... l.' re 1-7
Washington, D. C. 20'315 ATTl: Mr. WillIe N. Caicote

Ar7r;: AMCRD aCfd DMata grnrtpm! rrle-0

Department of the Army Department of the Army
Office of the Chief of Research Heiujuarters Unites States Army

tand Development Missile Comm.and
Wazhingtun, D. C. C0310 Redstone Arsenal, Alabama 35109
ATIV: Colonel Dsle L. Vincent AfTTi: Mr. R. L. Guard, Chief

Chief, Scier.tllic a-id Engineering D-ata Systems
Technical Information Section
Divizion LWD and Intl Stdzn Office

lEnIrinee1.Tng Document
DivisionDepartment of the Army; Proc & Prvd Dir

U. S. Army BallisLic Re:;earch,
Lalboratcries

Aberdeen Proving Ground Willow Run Laboratories
Mdaryland 2105 Instltute of Science and Technology
ArTm: Mr. John G. Schmidt The University of Michigan

Assistant to Technical Post Office Box 618
Director Ann Arbor, Michigan 4810Yj

ATCN: Miss Mildred F. Denecke
Research Associate

Department of the Army
Headquarters, United States

Logistics Management Center Defense Logistics Services Center
Fort Lee, Virginia 23RO1 Battle Creek Federal Center
A=I. Mr. Jack P. Wilson Battle Creek, Michigan

Man-a er, Defense Logistics ATTN: Colonel Cornell Pope
Studies Information Exchange Director, Office of

Pannmlng and Management

Command ing General
U. S. Army Flectronics Coamand Battelle-DEFENDER
Fort Monouth, flw Jersey 07703 Battelle Memorial Institute

505 King Avenue. Columbus, Ohio 43201SDepartment of the Army ClmuOi 30
Headquarters, United States Army ATYN: Mr. Robert S. KohnMatrial Cofnnd IAryorGateon Analysis Center
Washington, D. C. 20315

ATTN: Mr. Clyde Begey DATA Informaon and alysisChief, Syst ems Engneering Center
Division General Electric Company

Directorate of Management 816 State Street
Systems and Data Santa Barbara, California 93102
Autnmation AT: Mr. Warren W. Chin

Manager

(continued)
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EllIzTh! 2 (contuma•)

Battellc Memorial Institute Defense Supply Agency
Columbus Laboratories H~eadquarters, Defense Documentation
505 King Avenue Center for Scientific and
Columbus, Ohio 43201 Technical Information

ATTN: Mr. Robert A. Yereance flameron Station
Aýlexandria, Virginia 22314

ATTN: Mr. L. R. Barnes, Director
Tufts University Office of Planning and
Human Engineering Information Management 4

and Analysis Service

Medford, Massachusetts 02155 National Aeronautics and Space
ATTN. Mr. Paul G. Ronco rector Administration u -

- uman Engineering Information Washington, D. C. 20546
and Analysis Service AWTN: Mr. Arthur C. Roffman -,

Scientific and Technical
Information Division

U. S. Department of Commerce
Natlonal Bureau of Standards -4p

Institute for Applied Technology Marshall Space Flight Center
Clearinghouse for Federal, Huntsville, Alabama

Scientific, and Technical ATTI: Mr. S. J. Courtney
InformationR-ASTR-TR -•

Springfield, Virginia 22151 A

ATTN: Mr. Paul W. Larsen, Chief
Document Distribution anJ Radiation Effects information Center

Reproduction Branch Battelle Memorial Institute
505 King Avenue
Columbus, Ohio 43201 '

University of Michigan A'I!: Mr. E. N.Wyler, Director
Institute of Science ard Technology AE,
P. 0. Box 618
Ann Arbor, Michiean Shock and Vibration Information
ATTN: Mr. D. J. Lovell. Center

U. S. Naval Research Laboratory
Code 7020

Fleet Maintenance Support Office Washington, D. C.
Mechanicsburg, Pennsylvania ATTN: Mr. W. W. Mutch, Director

ATTN: CDR D. E. Brandenburg, OINC

Ships Systems, Code 6679
Department of the N(avy
Washington, D. C. 20360

ATTN: Mr. Robert Talton 4-i
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1 EXHIBIT 3

FORM LETTER USED FOR CONTRACTOR DATA-SOURCE SURVEY

71 RESEARCH CORPORATION

i-i

Under Contract ho. N00140 66 C 0151 with the U.S. Naval
Applied Science Laboratory, ARINC Research Corporation has
been assigned a task to develop and publish a Reliability anid
Maintainability Data-Source Guide.

The guide will describe existing data sources and pro-
vide a cross-reference to data collected by each source on
the basis of data-element definitions. The guide will also
classify the data as to (1) usefulness during the phases of
the system acquisition life cycle, (2) conservative or opti-mistic failure rates, (3) applicability to a common source
for multi-contractor systems, and (4) degree of obsolescence
of the data.

In connection with this task, a survey has been author-
ized to obtain the necessary information to meet the assigned
objectives. We hope to obtain this information by means of
the attached Reliability and Maintainability Data Question-
naire. Will you kindly complete the questionrnaire and return
It to the writer at your earliest convenience.

You will note from Question No. 16 that by participating
in this survey you will have an opportunity to receive a copy
of the tabulated results. This information may be of assis-
tanice to your organization. Your cooperation in responding to
this request will be greatly appreciated. It will contribute
to the knowledge of Government agencies on the existing status
of available data.

Very truly yours,

J. H. Robinson, Jr.
Project EngineerSMarine Systems Program

j ANNAPOLIBS BCIENCe CENTER-ANNAPOLIS. MARYLAND 24401 A sUOSIDIARY OF AH 4L. ATSCAI f"Al.t, ,N,

-V••_ _• • .. ,
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Exhibit4

RELIABI.ITY AND MAINTAINABILITY DATA

QUESTIONNAIRE

1. Do you maintain a "data bank" or data center of reliability

and maintainability information collected from programs in
which you are engaged?

Yes El No -

2. How is the data collected for this "data bank"?

Mandatory form E_ Questionnaire El
Review of engineering reports 0

Other E

3. Please idcntify the source of your data. -

Production testing Life testing El
Environmental testing Q Incoming testing fl
AGREE testing E0

Reliability demonstration testing [7-1
Maintainability demonstration testing E- l&

Other 1

4. In what categories are the collected data classified?

Electrical, Electronic, Mechanical, tlydraulic, etc.

Function; Power Supply, Amplification Modulation, etc. E1
Application: Radar, Sonar, Communications, etc. 0.
Please describe: . . ...... _ _ _-_ _

U

S - (continued)
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I Exhibit 4 (continued)

j 5. Do you have non-operating failure data from equipment in

storage or during shipment?

Yes E No El

- 6. Do you collect reliability or maintainability data on:

Servo mechanisms Ii Hydraulic parts

Mechanical parts .

[1 Other 
.

"7. In making reliability and maintainability predictions, what
data source is used for failure rates and procedures?

MIL-HDBK-217A Li NAVSHIPS 93820 Fl MIL-STD-756A F)
MIL-M-23313A [] In-house data rl

8. Depth of predictions:

(a) Are stress analyses provided?

Yes F- No [J

4J (b) Are application (K) factors used?

Yes N 13o k'
S(c) Are parts derated for environmental conditions?

Ye s FNo F
Please explain:•

5 (oontinued)
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Exhibit 4 (continued)

S9. Is field data collected from operational equipments?
Yes [3 No •

If yes, how do the operational failure and repair rates
compare with predictions?

Operational MTBF was within 25% fl greater J lower Q
than prediction.

Operational MTTR was within 25% f greater [:] lower n
tzhaft -predic~ton.

What data source was used in making predictions?

10. From what applications is the data derived?

Aircraft • Missiles • Shipboard fl

Ground equipment E- Satellites 0 Underseas -l

Laboratory

Other r =4.1

I

11. What method do you use to convert existing failure rate data
from one application to another (example: missile to ship-

board)? Please describe.

U

(ooatl~lnued )

, !!



3 Exhibit 4 (continued)

I 12. Who are normal users of this data?

Management 1 Engineering f-f Purchasing ti
I Reliability F Quality Control E-

j-i Other E-__

13. Have you used AGREE test results to any extent?

Yes E- No [I

Comment:

(a) How do they compare with predictions?

(b) How do they compare with operational failure rates?

14. Do you know of others who have made similar surveys or -studies
on reliability and maintainability data collection?

Yes Nj No 0

p•' ...... g- ve na 'r IfYes, pla giv nme arid addresst

(oontinued)

• i
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Exhibit 4 (continued)

15. Is the information in your data bank available to qualified I
Government agencies and commerical concerns? If so, who
should be contacted to obtain information, and in what form
is it available?

II
al
* $

16. Would you be interested in receiving a copy of the tabulated

results from this survey?

Yes - No 0

If yes, please give name and address:

"'1

When completed, return this form to:

ARINC Research Corporation

2551 Riva Road, Room 223-B

Annapolis, Maryland 21401 [I
ATTNS J. H. Robinson, Jr. -- M

..... -7



•] EXHIBIT 5

--- •CONTRACTR AND GOVERNMENT SOUR=E
! PFAiTICIPATINM IN THE DATA-COLLECTION SURVEY QUESTIONNAIRE

Admiral Corporation Airborne Accessories Corporation

3•00 Cortland Street Reliability and Quali'y Control
Chicago. Illinois 606h7 1414 Chestnut Avenue
ATTN: Mr. R. P. Joney- Hillside, New Jersey 07205

AT•N: Mr. R. P. Iachetta
Manager

Aerojet-General. Corporation
Astrionics Division
F. 0. Box )196 AFLC (MCFA)
Azusa, California ')1702 Space Systems Division

Air Force Unit Post Office
AaN: Mr. A. Hb Cronsha rmen Los Angeles Air Force Station

Head Reliability Department Los Angeles, California 9005

ATTN: Mr. Alison I. Kurth
Acrojet-General Corporation (3)
Corporate Rcllahility and

Quality Assurance AFCS (CSSMEM)Department 9670. Building 20"5 Scott Air Force Base
,l() East Flair Drive Illinois 62225

El Monte, California 91734
iTT: Mr. Philip Reiter, Manager OAR (RRYB)

1400 Wilson BoulevardMr. R. L. Hairris
Arlington, Virginia 22209

Aer% if.-t-General CorporationTechn: cal Program Control SSD , (SSSIR)
Los Angeles Air Force Station

Apollo Program Air Force Unit Post Office
Deparmcnt8500, Building 2015P ArFreUi otOfcDepartment Clori Los AngeleE, California 90045Nimbus, California

ATTN: Mr. J. H. Madden, Manager
American Bosch Arma Corporation
Arma Division

Aerospace In.iustries Association Roosevelt Field
17L5- DeSa)es Street, N. W. Garden City, New York 11532
W• tilngton, D. C. 0036 ATTh: Mr. Victor J. Bonardi
ATTN: Mr. P. r. Everett

ExecuLive Secretary
Reliability Committee Astrodata, Incorporated

Reliability Engineering

American Motors Corporation Ana2eiK, Califoria 9"805

14250 Plymouth Road
Detroit, Michigan 48232 ATTN: Mr. Chong M. Fortg

ATTN: Mr. A. J. JunkerL Chief Quality Engineer Aveo Corporation
Miss1le Systems Division
Reliability Department

American Society for Testing 201 Lowell Street
and Materials Wlmington, MassachusettsU ~ ~~~1916 Race Street Maahuet
iPhladelphia, Pennsylvania 19103 ATTN: Mr. Stafford B. Beach, Jr.

ATTN: Mr. J. W. Camrn Manager
an Technical Secretary

A-29 9
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EXI33IT 5 (continued)

Ampex Corporation LI
Reliability and Quality Engineering Beckman Instruments, Incorporated
401 Broadway Berkeley Division
Redwood City, California 2200 Wright Avenue

ATTN: Mr. Merv Fetter, Manage. Richmond, California 94804
ATTN: Mr. J. H. Simm

Amphenol C, inector Division
1830 S. 54th Avenue Bell Aerosystems Company
Chicago, Illionis 60650 P. 0. Box 1

AflM: Mr. D vid R. Bair Buffalo, New York 14240
ATTN: Mr. R. A. Nowauki

Mail Zone C-62
Picatinny Arsena! or
Dover, 1ew Jerrey 07801 Dr. A. BontsMail Zone A-40
ATTN: Mr. Anthony J. Ricciardi M n

QAD, NRD, M&S Branch Mr. E. 0. Allen
or PA-NR Mail Zone V-70

14r. Augitstus Stanfield
QAD ARD M&S Branch The Bendix Corporation

Eclipse-Pioneer Division
Department 7811

Commanding General Teterboro, New Jersey 076o8

U. S. Army Missile Command ATfN: Henry G. Elwell, Jr.
Redstone Arsenal, Alabama 35809
ATMh: AMSMI-QSL (Mr. R. E. Akin) Cescna Aircraft Company

Military Aircraft Division
P. 0. Box 197.7

The Bendix Corporation WichitaP Kansas 67201
Friez Instr-nment Division W K
1400 Taylor Aven in
Baltimore, Maryland 21204 Clevit Corporation

ATTN: Mr. Donald B. Keidan, Brush Instruments Division *

Reliability and Reliability & Quality Assurancet I
Maintainability Supervisor 37th and Perkins -'

Cleveland, Ohio 44114

The Bendix Corporation ATTN: Earl W. Hummer, Manager
Bendix Radio Division
Department 473 Collins RJiio Company
Baltimore, Maryland 21204 Cedar Rapius, Iowa

ATrN: Mr. J. B. Jorster Reliability:
ATTN: Mr. R. L. Vander Hamm

The Bendix Corporation Maintainability: '

Red Bank Divuslon ATM': Mr. D. 0. Torgler..
dighway 35
Eatontown, New Jersey 07724
ATTN: Mr. C. S. Townsend Collins Radio Company iA~e:Mr. . S.•)wnend1200 North Alma Road

Richardson, Texas 75207
The Boeing Company ATTN: Mr. B. L. Craig
Space Center Mail Station 401-055 2
Kent, Washintaon
ATTN: Mr. 0. R. Herrold

(contl d) RUN
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EIT 5 (continued)

Tie Boeing Company Consolidated Electrodynamics
Wichita Division Corporation
Wichita Kansas Reliability and Quality Control

ATITN: Mr. R. L. Horn Engineering[ M .360 N. Sierra Madre VillaRcliability-Maintainability Pasadena, California
Unit Chief

-- ATTN: W. S. Dennis

* L Pesco Products
Division of Borg-Warner Corporation Curtiss-Wright Elactronics

i4700 North Miles Road Electronlcg Division
Bedford, Ohio 44014 35 Market Street
ATTN; Mr. J. F. Murray East Paterson, New Jersey

Director of EngIneering Arm: Mr. Ed-ward Mlltne-r

Borg-Warner Corporation Douglas Aircraft Company
York Division Aircraft Division
P. 0. Box 1592 3855 Lakewood Boulevard
York, Pennsylvania 17403 Long Beach, Californib

ATTN: Mr. A. E. Diehl ATTN: Mr. Carl. W. Swanstrom
CI-259

Electronic Communications, Ine. FMC Corporation
li201 72nd Street, rNorth Northern Ordnance Division
St. Petersburg, Florida Columbia Heights Post Office

ATTJN: Mr. G. W. Carr Minneapolis, Minnesota 55421
Reliability Engineering Mgr. ATTN: Mr. T. D. Erickson

Reliability Engineer

Engineering Societies Library
United Engineering Center Ford Motor Company
345 East 47th Street Engineering and Research Staff
New York, New York 10017 20000 Rotunda Drive

P. O. Box 2053Dearborn, Michi,,an
Erie Technological Products
Quality Assurance and Reliability ATTN: Mr. G. F. Doyle
*44 W. 12th Street Executive Engineer
Erie, Pennsylvania Test Engineering

ATTN: Mr. Lowell Savage, Manager
AiResearch Manufacturing Company
Phoenix Arizona

Fairbanks Morse, Incorporated
Quality Control A

701 Lawton Avenue Reliability and
Debit, Wisconsin 535fl Maintainability EngineeringSupervisor

ATTN: Mr. C. P. Shaughnessy, Manager

General Dynamics
Fairchild Semiconductors Convair Division
Rellability Engineering P. 0. Box 1128
P. 0. Box 80 San Diego, California 92112
Mountain View, California ATTN: Mr. R. W. Lessard

ATTN: Mr. Jim Coszine, Manager Manager of Product
Effectiveness
Mail Zone i45-0o

(continued)

A-41

-- -



EGaUBnI 5 (continued)

Sherman Pairchild Technoloey Center Electric Boat Division

Reliability & Quality Assurance Depart 452
Fatrchlld Drive Eastern Point Road
Goeantown, Maryland 20767 Croton, Connecticut 06340 3
ATTN: Mr. Jerry E. aoldress AM¶N: Mr. C. P. Wilton

Corporate Director Chairman, EnglneerinF
Department
Reliability/Maintainahility

The Firestonc Tire & Rubber Company Team
Defense Research Division
l'O0 Direstone Parkway
Akron, Ohio 44317 General Precision, Incorporated

Libroscope Group

.Deneraa Dynamics 808 Western Avenue
Glendale, California 91201 11Electronics Division

Box 127 ATTN: Mr. Warren K, Emery
San Diego, California 92112 Supervisor

ATTN: Mr. R. W. Perrin Reliatility Engineering
Manager Engineering I
Reliability General Precision, Incorporated

Link GroupSKirkwood, New York T i
General Electric Company
Missile and Space Division ATTN: Mr. P. Furiosi, Manager
He-Entry Systems Department Reliability/Maint:-inability
319S Chestnut StreetPhiladelphia,, Pennsylvania 191011

Avion Electronics, Incorporated
ATrN: Mr. W. Thomas Weir a Unit of General Signal Corporation

11 Park Place
A e nParamus, New Jersey 0765? -AC Electronics

Division of General Motors ATTN: Mr. Bert Nestler, Manager I
Milwaukee, Wisoncisn 53201 Reliability Engineering

ATTN: Mr. A. J. Bonis 4W

Reliability ?esearch and General Time Corporationi
Education Director Industrial Controls Division

Main Street

Allison Division nThomaston, Connecticut

g-eneral W•h•r: Corporation ATTN: Mr. John P. Campbell
Indianar.poits, Indiana 465.ýeO Supervisor of Reliability

Engineering aATTN:- Mr. A. R. Tnwnsend
Manag;er, Design Assurance

Globe Industries, Incorporated
D a v1784 Stanley Avenue•. ~Deleo Radio Division Dayton, Ohio 4540 4':"::

"* General Motors Corporation
Kokomo, Indiana 46901 ATTf: Mr. V. E. SheehanQuality Control Manager
ATMl: Mr. Sterling 0. Bickel

Supervisor of Military
and Industrial Reliability B. F. Goodrich Aerospace andand Defense Products

General Precislon, Inherperated Troy, Ohio 45373

Kearfott Products Division A'TI: Mr. Jon C. Manwaring
)225 McBride Avenue

Little Palls, New Jersey 07424

ATTN: Mr. F. T. Kaliet
Chief Reliability ngineer

(continued)
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Goodyear Aerospace Corporation Federal Electric Corporation
Arizona Division Equipment and Systems Evaluation
Litchfield Park, Arizona 85340 Building 2
ATTN: Mr. Walter F. Tillman D/451A Industrial Park

T Paranmus, New Jersey 07652
ATTN: Mr. Charles Butler

Gruman Aircraft Engineering Corp Manager
Bethpage, New York 11714
ATTN: Mr. J. J. Bussolini Joy Manufacturing Company

Chief of Rallability and aA

MaintinablityMichigan City, Indiana 1i6ý60

ATTN: Mr. W. D. F. Kemper
Hercules Incorporated
Chemical Propulsion Division
910 Market Street Kaman Aircraft Corporation
Wilmington, Delaware 19899 E & A Building
ATTN: Mr. A. M. ball, Manager Bloomfield, Connecticut

"" Quality Assurance AMT.: Mr. S. Patti,
Assistant Chief
Reliability Engineering

Hewlett Packard
1501 Page Mill Road
Palo Alto. California 943014 Kollmorgen Corporation

Eleeýro-Opticai Division~ATT1h Mr. Aubrey SmithA

Corporate Quality Assurance Horthampton. Mas ocu~etts 0
AT'I': Mr. W. J. Rowan

Senior Reliability Engineer
Honeywell, Incorporated
Micro Switch Division
Freeport, Illinois 61032 Lear Siegler, IncorporatedAstrioni cs Division
ATMI4: Gerald W. Osborne 3S. Bundy Divi

Rear Admiral 3171 S. Bundy Drive i
Santa Monica, California 9O040i

AT121: Mr Frank A StovallTheT Mard. VOinrwv oprto

Haghes Aircraft Company• Department Head
P. 0. Box 3310 Design Assurance
Buildini 6i6, M.S. K-I40
SFullerton, California 9263Y Lear Siegler, Incorporated •
ATTN; Mr. J. 0. BrigCs, Managera

Systems Effectiveness Power Equipment DivisionDeparmentP.O0. Box 6719
Dprmn Cleveland, Ohio 4101

ATT5: Mr. A. C. e(lnck
Inte rnational Bus iness Machines ~eliabili tiMalntainabiityCorporation Coordinator

... E~~~ectronics Systems Center . .|L| ~~~Owego, New York • opn

ATTNt Mr. R. E. Keuhn 2501 Wlanut Avenue
Building 551S~Roseville, Mi0nneaota

Lockheed'-Georgia Company ATTNI: Hr. James W. Johnson
Reliability Engineering elblt¥3prio

S~Marietta, Georgia 3o061
SATTN* Mr. Frank A. Stovall The Narda microwave Corporation

Plainview. Long Island
Ne York 11803

IATTN. Mr. SurD.Casper
Vice President "



MoUXB 5 (contiruead)

North American Aviation, Incorporated Otis Elevator Company
Autonetics Division Defense & Industrial Division
P. 0. Box 4181 35 Ryerson Street
3370 Miraloma Avenue Brooklyn, New York 11205
Anaheim, California 92803 ATrN: Mr. Charles A Fernandez

ATTN: Mr. K. F. McQuade, Director Reliability Engineering
Engineerlng Assurance I
Research and Engineering Ptllco Corporation

Aeronutronic Division
North American Aviation, Incorporated Ford Road
Products Information Center New Port Beach, California
4300 E. 5th Avenue ATTN: Mr. C. A. Brosterhous
cowlbus, Ohio 43216 Manager, Logistics

ATTN; Mr. C. J. Kibble, Supervisor Air Defense Systems
Operation

North American Aviation, Incorporated
Rocketdyne Division Radio Corporation of AmDrica
6633 Canoga Avenue Aerospace Systems Division
Canoga Park, California 91304 8500 Balboa Boulevard

Van Nuys, California 91409
ATTN: Mr. C. C. Davenport,

D/596-180 Zone 2 ATTN: Mr. Roy E. Dehm, Leader
Systems Reliability
Engineering ON

Ling Temco Vought, IncorporatedLTV Vought Aeronautics Division

LTV Aerospace Corporation Raytheon Company "
P. 0. Box 5907 Boston Post Road

Dallas, Texas 75222 Sudbury, Massachusetts 01776

ATTFN: Mr. R. E. Lanier, 2-51500 ATTN: Mr. C. D. Martin

P. R. Mallory & Company, National Space and Aeronautics
Incorporated Administration ov

Mallory Capacitor Comapny APIC
Inolanapolis, Indiana 46206 Building 4708

Marshall Space Flight Center
ATTN: Mr. W. P. Carrier Huntsville, Alabama 35812

Martin Company Navy Department
Denver Division U.S. Naval Air Development CenterDenver, Colorado Johnsville

ArNv Mr. Rihard Burrows, Chief Warminster, Pennsylvania 18974 4
Reliability Engineering ATTN: Mr. Leo Rogin
NS-0493 Air Warfare Research .•,

[ ,. : "Department

Martin Company
Orlando Division Naval Air Technical Services
P. 0. Box 5837 700 Robbins Avenue
Orlando, Florida 32805 Philadelphia, Pennsylvania

ATTN: Mr. W. L. Hadley ATTN* Commanding Officer 4u

Reliability Manager, RTE ANID
xP-516

U.S. Naval Training Device Center
melpar, Incorporated Orlando, Florida 32813
7700 Arlington BoulevaAr
Palls Church, Virginia 22046 ATTo: Mr. R. L. H3rvi

ATTN: Mr. Alan 0. Plait, Manager

Reliability

(continued) in
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EXHIBIT 5 (continued)

North American Aviation Raytheon Company

Space and Information Systems Division Box 360
12214 Lakewood Boulevard Newport, Rhode Island 02871
Downey, California 90241 ATTN: Mr. A. G. Zusman
ATTN: Mr. W. K. Warner, Director Reliability/MaintainabilityDesign Assurance Manager

Depart 043

Reliability Information
Northrop Norair Retrieval System
3901 W. Broadway P. 0. Box 235
Hawthorne, California 90250 Goleta, California 93017

ATTN: Mrt Wendell W. Harter, Chief ATTN: Mr. M. D. Johnson
Reliability & Safety Group
39z0, Zone 32

-; Sperry Utah Company
Division of Sperry Rand Corporation

0hmite Manufacturing Company 322 North 21st West
3601 W. Howard Street Salt Lake City, Utah 84116
Skokie, Illinois 60076 ATTN: Mr. R. C. Stenquist

Reliability Engineering
Research Triangle Institute Department

P. O. Box 1219t
Research Trinagle Park Sprague Electric Company
•or•h Carolina 27709 North Adams, Massachusetts 02.247

ATTN: Mr. A. C. Nelson AIT2N: Mr. John D. Moynihan
Coordinator HYREL Products" • R~~ya9n Aeronautical Company =

Lindbergh Field Stackpole Carbon Company
- •San Diego, California 92112 Electronic Components Division

ATTN: Mr. R. G. Sharp Stackpole Street
S ~St. Marys, Pennsylvania 1585?

Sanders Associated, Incorporated A Engi: Mr. C. E. parn
Reliability & Standards Department Engineering Department 924
95 Canal Street
Nashua, New Hampshire 03060 Sylvania Electronic Systems

p100 First Avenue
oWaltham, Matsachusetts 02154

Division 2151 ATTN: Mr. R. D. Gordon
Albuquerque, New Mexico 87115 SES-E R/Mo

ATTN i Mr. J. 0. Muench Ma

STexas Inrorrpoated
Semiconductor-Componenu e Divisinn111 New South Road SmcnutrBidn

Hicksvalle, New York 11802 S o orP. 0. Box 5012
ATTN: Mr. Joseph JAoda Dallas, Texas 752M2Quality Assurance Manager ATTN: Mr. R. 0. Wilson, Manager

Surveillance & Engineering
S DepartmentSh2llcross Manufacturing CompanyS~Preston Street

Selma, North Carolina 27576 TRW, Incorporated
ATTN: Mr. R. A. Avery, Manager 23555 Euclid AvenueReliability & Quality Cleveland, Ohio 4411?

SAssurance ATTN: Mr. Philip F. Carey
Reliability Engineering
ManagerSpace-General Corporation Room 27289200 E. Flair Drive

El one California

ATTN: Mr. H. J.. Kaplan
(continued)3 A-25
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EXHIBIT 5 (continued)

United Aircraft Corporation Walter Kidde & Company, Incorporated
Norden Division 675 Main Street
Helen Street Belleville, New Jersey
Norwalk, Connecticut ATTN: Mr. Harold P. Marino
ATTN: Mr. Allan Lieberman Director of Quality

Control and Reliability

United Control Corporation
Overlake Industrial Park Westinghouse Electrir' Corporation
Redn•vnd, Washington 98052 D & S Center, M. S. 480
ATTN: Mr. W. Buckingham P.0o. Box 74¼ i --

Reliability Supervisor Aaltimore, Maryiand 2l,'O3
ATTN: Mr. W. C. Bullock, Manager

Reliability 2 Maintainability
United States Testing Company,

Incorporated
141 % Park Avenue Westinghouse Electric Corpora" ion &

Hoboken, New Jersey 07030 Marine Division
AITITN: Mr. A. F. Maxfield Hendy AvenueManager Sunnyvale, California 94088ATTN: Mr. L. D. Connell,

Manager, Reliability
Unidynamics/St. Louis S
1172 Paul Avenue
St. Louis, Missouri 63135 Westinghouse Electric Corporation

.Zornada Surface Division, M. S. 819
ATTh: Mr. M. 0. P. . Box 1897

S aff Engineer Baltimore, Maryland 21203

ATTN: Mr. T. K. Brown
U. S. Department of Commerce Supervisor, Engineering
Office of Standard Reference Data Sf
National Bureau of Standards
Washington, D. C. 20234 Westinghouse Electric Corporation

R & D CenterA IqN: Dr. Edward L. Brady, kChief R&DCne
Pittsburgh, Pennsylvania 15235

ATTN: Mr. T. A. Daly
Varian Associated Director of Reliability
Elmac Division
301 Industrial Way SR

San Carlos, California Westinghouse Electric Corporation
Underseas DivisionATTN: Mr. John Quackenbush U r B ivi1797P. 0. Box 1797
Baltimore, Maryland 21203

Varian Associates ATTN; Mr. S. D. Haas
Tube Division
611 Hansen Way
Palo Alto, California 94303 Worthington Corporation

HarrisonATTN: Mr. Frank Jean New Jersey
Manager of Reliability

Weston Instruments, Incorporated
614 Frelinghuysen Avenue
Newark, New Jersey 07114

ATTN: Mr. Max Friedman
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EXHIIBIT 6

TABULATED RESULTS OF
"THE RELIABILITY AND MAINTAINABILITY DATA QUESTIONNAIRE

1. Existence of "data bank" or data center of reliability and maintainability

information?

Yesn .......... ...................... ... 79

SNo ................ ...................... 23

Partial .............................. .. 15

Replied but did not answer questionnaire . . . 9
Total Replies .. .. .. .. .. .. .. . .. 126

j 2. Method cf data collection?

Mandatory Form . .............. 45

Questionnaire ...... ........... 1

Review of Engineering Reports . . . 43

Other:

IDEP Reports .... ...... 1 Farada Reports .... ....... 1
Warranty Reports .... 1 Maintenance Reports . . . 2

Lab Reports .......... 11 Preproduction Testing . . 1
Military Contracts . . . 1 Production Testing...... i
Field Reports ...... .. 12 Test Data .... ......... 14
Failure Reports ..... .. 4 Evaluation Programs . ... 1
IBM Cards ............ 1 TFR .... ............ . I.. 1
FUR ...... ........... 1 3M ...... ............. 2
AFM 66-1 .... ........ 4 Data Logger ..... ........ 1
UCR... . . . . . ...... . Engineering Data......... 3

j Survey ..... ......... 3 Prime Contractor Data . . 1
Customer Reports .' 3 Pilied in Off ce of

SOriginator.... ....... I

Mandatory .e ...... .....

j 3. Source of data?

Production Testing....... . . . . . . 57

IEnvironmental Testing .. .. .. .. .. ...... 64
AGRE Testing ................... ... 11

SReliability Demonstration Testing ..... .63

Maintainability Demonstration Testing. 25

U (oontinued)
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Exhibit 6(continued)

Life Testing ................ 52

Incoming Testing . ..... .............. .. 24

Other:

Field Data ............ ... 31 Flight Operations .... ....... 8

Customer .............. ... 4 System Integration Testing. .. 1
Acceptance Tests .... ...... 1 MTWr Predictions ............ 1

AFM 66-1 .............. ... 2 ApM 65-110 ...... ........... 1

Qualification Test..... 6 Airline Service Reports . . .. 1
F Vendor Test Data .......... 2 Literature Search ....... 2

System C. 0 ........ I Bum-in Test Data ....... 2

Life Tests ..... ........ 1 Engineering Analysis and

R & D Pioduction Tests. . 2 Prediction2......... 1

Development Testing .... 2 Engineering Reports .... ...... 1 a

Air Force Records Storage Testing. ........ 1
FARADA .... ........... . .1 Maintenance Records .... ...... 1

IDEP ....... .............. 1
d

4. Categories in which collected data are classified?

Electrical, Electronic, Mechanical, Hydraulic, etc .... 61 4
Function: Power Sapply, Amplification Modulation, etc.. 35

Application: Radar, Sonar, Communications, etc ........ .. 26

Other:

Launching and Handling . . . . 1 By System .............. . . 8
Equipment Drift Measurements in 2

Near, Deterioration ......... 1 Parts/Million .... ....... 1
Application ............... 8 Major Component ........... 2

Piece Part .............. ... 2 Equipment Failure/ 4
Part Number and Name ..... 13 Replacement Reports . . .. 1

Machine Type and Size...... . Work Unit Code4........2

As Asplicble to Product . * None ......... ........... 2

FSC Codes ........... 1 PerfomancO Data ....... 3
o. As required for Logistic. . . 1

Box and Module .... Planning . .............. I
By Supplier, SubsystemUse Environment .......... Developmental, Test, arnd

e e . Operational Use Data. . . . I
Federal Stock Number..... 1 By Test Level ........
By Subassemblies ..... ....... 9 Tube Type ............... 2
Part Type ................ 5 By Product Line .... ....... 1

By Cause ............. 1 I

(continued) as
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Exhibit 6 (continued)

715. Existence of non-operating failure data from equipment in storage or during
shipments?

Yes . . . 32

No .. . 73

6. Reliability or maintainability data collected on the listed items?

Servo Mechanisms . . . 36

Mechanical Parts . . . 57

Hydraulic Parts. . . . 29

Others:

Special Components .... ...... 1 Electronic Measuring
Appearance Items........... Equipment ........... ... I

Missile Subsystems ........ 2 Components ..... ... 1

Complete Machines ........ 1

Electronic Equipment....... Semiconductors. .1........ 2

Wheels and Brakes .......... 1Electronic Parnts .. .. . .. 13

Electro-Mechanical Parts. 5 Aircraft. . . . ............ 1

Digital Computers .... ...... 1 Systems ..... ........... 3 3

Electrical Indicating Missile Assemblies

Meters .... ........... ... 1 Electron Tubes .......... .1

As Defined by 3M WVC ........ 1 Transmitters .... ........ 1

Wirewound Resistors and Power Supplies .......... .
Inductors .... ......... 1 Microwave Tubes .......... 1

Electrical Parts. ........ 1 i Rocket Engine Parts ..... . i.
Pneumatic Parts ......... ... 2 Aeronautical Material . . . 1
Ordnance Parts .......... 2 Miniatur Motors2......1
Missile Systems ....... I Thermoelectric Couples . . .1

7. Data source used for failure rates and procedures in making reliability and

maintalnability predictions?

iMIL-HDHK-217A ... 72

Ih-X-23313 . .. 20

NAVSHIPS 93820. 2 4 2

In-house Data . . . 69

IIInI-SMD-T5CA . . . . 41l
Others:

JWelbull Predictions. . . . . . 1 N&AV= 00-65-502. . . . . .1
Cumulative Experience NAR&YSH 91501 .......... 1

Curves . . . . . . . . . . . 1
(continued)
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Exhibit 6 (continued)

O.E.M ............. 1 MIL-STD-750 ....... . I
PARADA ............ 20 Not Applicable ...... 1
Minuteman Standard Part Earles ..... .......... 4

Handbook ....... .......... MIL-STD-70........
IDE.....................6 6Sh~1 . . .IDE . .. . . . 6 MIL-STD-4701.. .. . .. 2

Prince ...... . ........... 1 TeSTimo ial. . . ...... 1
STestimonials .. .. . .. 1

Reliability Symposium Arm 66-1......... . . 1
2apers ........... 3

Manufacturer's Data. .I..... 10 MIL-lD1K-217 .... ....... I

MIL-STD-690. .............. ... 2 Estimate ............. 2...

MIL-R-39005 .............. ... 1 Commercial Handbook 1.

MIL-R-38101 .............. ... 1 MIL-S-23603 ......... ... I.

Special Procedures .... ...... 1 MIL-M-26512A.. . . . . . 1

Calculate from Field Govermnent Agencies . . . 1

Data ..... ............ .. 2 RADC-TR-66-348 ......... 2
MIL-C-39014 ...... .......... 1 RCA ................... 1
Reliability Analysis ARINC Research ......... 2

Program Handbook ... ...... 1 Boeing Document
Customer Supplied Data . I. 1 D6-5762-1 .... ....... 1
Component Failure Physics Martin ..... .......... 1

Analysis Handbook ......... 1 Hughes1............... 1
MIL-S-19500 ...... .......... 1

8. Depth of predictions?

. Stress analyses provided?

Yes . . . 75 *1

No .... 20

. Application (k) factors used?

Yes ... 74 - :

N.o . ... 19

. Parts derated for envirenmental conditions?

Ye e. . .83

No... . 11

Explanations:

Prediction depth depends on contractual requirements .......... [.
Failure rates ame selected and modified by NIL-HIFD-21T7A. . . . . . 15

Stresses are calculated and a standard derating procedure Is used
for temperature and enviroment ..................... 30

No prediction made. . . . . .............. . . . .. [
(continued)
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Exhibit 6 (continued)

In-depth analysis made on certain components but not entire
systems . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 3.I

Predictions are primarily at system .e...l........................ . 3-i

Tests are conducted an per MIL-R-39008 ................ 1
Data are taken at maximum rated stress conditions without

modifying for use conditions ............... ..................... 1

Tests are conducted at all anticipated requirements and condItions... 1

All assemblies having problems are stress analyzed ...... ........... 1

Depth of prediction increases as design Is finalized ...... .......... 1

Experience and engineering knowledge are used to improve predic-
tions based on experimental data ............. ................... 1

Some analyses are done on the level of failure mode, failure
effect, and failure criticality .......... ................... .. 3

9. Field data collected from operational equipments?

Yes... 83

No . . . 19

9a. Operational MTBF withir 25% of prediction?

Yes, greater . . . 34

Yea, lower . . . . 17

9b. Operational MTTR within 25% of prediction?

Yes, greater . .. 16

Yes, lower . . . . 4

9c. Data source used in making predictions?

Warranty and Fleet Vendor Supplied Rates ........
Experience Data . . 1 Components Fallure Physics

Zs.-huse Datia .. . 15 Analyan Uodbook ......... . 1

Past Experience.. . 2 No Predictions Made .......... 4

MIL-HDHK-217A ......... 24 Mn-STD-470 ............... 2

xAvWm s oo-65-502 .. . 1 NIL-TD-71 .............. 1

NAVSHIPS9i501..... 1 FARADA .... ............. 3

Historical Data. . . . . 3 Qualification Tests. ......... 1

Service Reports ..... .. 2 NIL-STD-23603 ......... .
Customer Reports .... 2 MIL-9-26512A. . ......... I

Field Use Data . . .- -1 Reliability Demonstmttlon

P1161894 . ..... . 1 P.rogr.. ... . .* 1

U NAVSHIP 8 93820 .... DA For 2D

( oottntaned)
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Exhibit 6 (continued)

AVCO Failure Rates. . . . 4 Test Logs ........ . 1 -
MIL-M-23313A. . . . . .. 3 U.S. Army TAERt Report . . . I
MI,-STD-756A . ...... 2 RCA/RADC Methods ....... 2 7
Available Published Survey ............ 1Literature . . . 4

Malte n e ................ 1
ier .......... 1 Generic Data ..... ........ . 1

10. Applications from which data were derived:

Aircraft ......... 7

Ground Equipment. . 46

Laboratory ........ 32

Missiles .......... 33

Satellites ....... 20

Shipboard ........ .. 28

Underseas ......... 11

Others;,

Missile Launchers and 1 All Product Lines I.....1
Associated Equipment 1 Drones. ........... 1

Automobiles 1 DoeRocket Engine Firings . . . I
Commercial Installations 1 Mobile Equipment. . .. .... 1

Reliability and Quality
Control Symposium 1 Missiles ..... .......... 1

Air Conditioning, Refrig- Shipboard .... ......... 1
eration, and Ice Making . , . 1 Underseas .... ......... . 2

Fl•ght Simulators 1 Laborator. ........... 1
Drone Helicopter 1 Space. ........... 1 -,

Test 1 Generatorss ......... .. .

Wheels and Brakes 1 Training Devices. ...... 1
Torpedo I Li-house Testing ......... .

All Types Electronics

11, Method used to convert existing failure rate data from one application to
another?

None ..... .......... 26 Component Reliability . . 1 ,
K Factors .......... 22 Compare to Similar Parts .. .6
M -IW-DBK-217A . .... .20 MIL-STD-256A ............. .
Experience .... ....... 1 EIngineering Judgment .. . 3
NAvWWS QDe930 ... ... 1 Field Data. .. ... .... .1
Mfl-STD-756A ...... 8 Deatin Curves .... ....... 1
FAlAJ ... ...... 1 FARADA Stress Level

Multipliers . . . . . ... 1
(contisued)
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ExhibIt 6 (contJiued)

- • 12. Normal users of data:

Management ..... 50

* Reliability ..... 90

Engineering . 83

Quality Control. 49

Purchasing . 19

Other:

Manufacturing Departments. . . 1 Operations Research and
Project Offices. . ......... . . System EffectIlveneas

7 •. .. .Analysis .............. 1
SDesign . .. .. .. .. . .. 2e † †2 Customer ............... .. 13

Repair .... ............ 1 Ip. ............. 1

Field Service ........... . ..... Reliability and Quality

Sales ..... ............. ... 4 Groups ...... ........... 1

Marketing ............... ... Logistics Planners .... ...... 3

Production .... .......... .. 3 Contracting Agency .......... 1

All Functions Requiring Technical Documents ........ 1
Knowledge of System
Reliability ............. 1 pares Provisioning 3

DoD 1 Navy ..... ............. 1
Quality Assurance ... ...... 1

l". AGREE test results used

Yes.. .19

S•No . . • 87

Comments:

Improved product as result of AGREE testing ............. ... 1

Have test similar to AGREE in process ..... ..................

When they are up-to-date .......... .................... I

Not applicable ............................... 3

:1MIL-R-26667kio suaullyused .. .. ..... . ......... . .... 1

Major reliability effort directed to mechanical produqtn . . . 1

Limited to avionics equipmonts. .. .. ......... . . . . . 1

Good results ........ . . .. .......................... . 1

No ARE teats have been performed to date .......... 1

(*ntinoed)4il
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Exhi~bit 6 (continued)

Comparison of AGREE test Meoults with predictions (comments):

Depends upon prediction accuracy ........ 1

AGREE results lower .............. 6

As predictions involved ........... I

Depending on equipment, as closely as 1:1 .1 1

Not applicable ...... ............... . ... 3

Inconsistent ......... ................. ... 2

No conclusions ............... . . 1

No data available ............ ............. 1

Completely random. ......... ............. 1

Comparison of AGREE test results with operational failure rates (comments):

Not enough usable data to compaie .... ....... 2

AGREE results lower .......... .............. 9

Operational failure rates are lower ...... .....

Not applicable ........... ................. 2

1:1o conclusions ....... ................. .. I

About the same ....... ................. . ...

14. Respondent's knowledge of others who have made similar surveys or studies
on reliability and maintainability data collection:

Yes . . . 29

No ... 73

15. Availability of Information In respondent's data bank to qualified Government

agencies and commercial concerns:

yea . .......... .. 61

No ..... ............... ... 15

Commercial ............... ... 52

To Govermnent Azencies Only . . . 9
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APPENDIX B
RELIABILITY AND MAINTAINABILITY n"INITIONS

Accessibility. A qualitative equipment desig., feature that- describes the ease
of admission to an area within an equipment for the performance of maintenance.

Achieved Reliability. The reliability demonstrated at a given point in calendar
time under specified conditions of use and environment.

Active Repair Time. That portion of downtime during which one or more technicians

are working on the system to effect a repair.

Adjustment. The act of bringing any out-of-t'Ierance condition into tolerance
by manipulating equipment adjustable features.

Administrative Time. That portion of downtime not included under active repair

time and logistic time. I -

Availability. The probability that the system is operating at any point in time
when used under stated conditions, where the total time considered includes

operating time, active repair time, administrative time, and logistic time.

Capability. A measure of the ability of a system to achieve mission objectives

given the system conditions during the mission.

Catastrophic Failure., A sudden change in the operating characteristics of

material, resulting in a c,.mplete lack of useful performance.

Component. A combination of parts that cannot be disassembled in the field
without invalidating functional Integrity. Examples: valves, relays, actuators,

gyros.

Confidence Interval. A range of values that is calculated from the data so

that it has a given probability (confidence level) of containing the tr-ue value

of the universe characteristics. ýR-

Confidence Level. The percentage figure that expresses the confidence in a given
statement that the true population value lies between two limits (the confidence

interval). :iA

Confidence Limits. The extremes of a confidence interval within which the truepopulation value has a designated chance (confidence level) of being Included.i•i

Corrective Maintenance. Maintenance performed to restore an item to a satisfactory *y

condition by providing correction of a malfunction that has caused degradation of

the item below the specified performance.

.. ...
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Correlation. A relationship between two or more variables such that a change 71.

in one is recompanied by a corresponding change in the other.

Correlation Coefficient, A rumbar that indicates the magnitude of the relation-
ship between two or more variables.

Ocist Effectiveness. A measure -,f the value ,ceived (effect' ýeness) for the
resources expended (cost). ,

Debugging, A process of shakedown on each finished equipment or unit that is
performed prior to placing it in use in order to exclude early failures. During
debuggIng, week elements are expected to fail and to be replaced by elements of'
normal quality that are not subject to early failure.

Denslty Function. A mathematical function f(x\ that for disrcte random variables
represents the probability that the value of the variable i x. For continuous
random variables, f(x)dx represents the probabiliLy that tlie value of the random -

variable is between x and x dx_ '

Dependability. A measure of the condition of the system during an operational
mission ts reflected by reliability and maintainability performance.

Deratin&. The application of parts or components at stress levels below rated

values.

Design Review. A progressive review, starting after the design study and
continuing through the prototype stage, thet provides an assessment of reliability,
maintainability, and performance by the use of applicable tests and prediction
technl quas.

DDr'imentation. Information that is generated to record data requir'd for the
control of design, production, procurement, maintenance, and supply of material--
such as drawings, specifications, handbooks, and manuals.

Downtime. The total time during which the equipment is not in acceptable operating ii
condition. Lowntime can, in turn, be subdivided into a number of categories such
as active vepair time, logistic time, and administrative time.

En•durance Testinzi The proces0a of iub~sctlng material to stress levels within L.
design limits until failure occurs or until the desired life has been demonstrated.

Accelerated endurance testing is accomplished by subjecting material to stress jJ
levels beyond design limits to induce 'failures.

Environment. The external conditions that directly or indirectly affect the
operation of equipment. •

Exponential Distribution A one-parameter diatrýibut~on used to characterize
failures that occur randomly in time according to the 'density function
f(t) - 'A exp (-'t).. .

Failure. The inability of an item to warfonm one or moreof its specified
functions.

B-[4
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3 Failure Analysis. The study of a speclfic failure to determine the circumstances

that caused the failuire.

"Failure Mode. The manner in which an item of hardware may fail as a function

of the physical properties of the item.
"Failure Mode and Effects Analysis (FNEA). An analysis of possible modes of

failure and their cause, effects, expected frequency of occurrence, and means
Jof elimination,

"Failure Rate, The average number of failures occurring per unit of time in a

specified time interval.

Failure Reporting and Corrective Action. A systematic and comprehensive method

of reporting all failures, and a plan for implementing corrective action required

by these failures.

Free Time. Time during which operational use of the system is not required.

This time may or may not be downtime, depending on whether or not the system is

in operable condition.

Gaussian Normal Distribution.. A density function of a population that is bell-

shaped and symmetrical and is completely defined by two independent parameters,

the mean and the standard deviation.

Hazard R&te. Instantaneous failure rate.

Humnan Factors. A discipline that deals with the understanding, piediction, and

control of man's role and performance with equipment.

I Intrinsic Availability. The probability that the system is operating satisfactorily

at any point in time, where the time considered is operating time and active repair

time.

Logistic Requirements. Material requirements, such as tools, test equipment,

spare parts, equipment, transportation, construction, and the operation of facil-

ities, that are established as necessary to maintain or restore a system to an

operational status, and the administrative procedures necessary to assure the

"stocking and delivery of these materials at the time of need.

SLogistic Time.' That portinn of downtime during which repair is delayed solely

because of the necessity for waiting for a replacemern:; part.

Maintainabilitl. The probability that when maintenance action is initiated
under stated conditions, a failed equipment will be restored to operable condition
within a specified total downtime.

Maintainability Parameters. A group of factors and/or enviromsental, human, and

design features that affects the performance of maintenance on an equipment.

Maintenance. All actions necessary for the retalning of equipment In, or restoring

it to, a serviceable condition. Maintenance Includes servicing, repair, modifi-
cation, moderization, overhaul, Inspection, condition determination, and initial
provisioning of support items.

.........-..



Ii
Maintenance Focedures. Established methods for periodic checking and servicing

of equipment to prevent failures, or to effect a, repair.

Malfunction. An occurrence, either catastropic or as gradual deterioration, 'IT

that causes the performance of an equipment to deviate from limits In the equip-

ment specification. It is a condition that requires the services of maintenance -

personnel to return the equipment to satisfacto-y condition.

Mean, The sum of a set of values divided by 'he total number comprising the set. t

Mean Time Between Failures (MTBF). The mean value of the operating periods

-be-tween a-1l failure-s occurring in a particular equipment during a given time

interval..

Mean Time To Repair (MTTR). Effective mainten. Ace man-hours during a g.ven period
of time divided by the total number of maintenance actions during the same time

interval.

Module. An organized group of parts complete in itself and capable of being

handled as an entity. It is a preassembled element of the equipment to which it

belongs and is installed or taken out of that equipment as an entity.
V.

Monitoring. The continual checking of an equipment program to insure that all

phases of the program are satisfactorily impelemented and are continued throughout

duration of the program.

Operational Readiness. The probability that at any point in time the system is

either operating satisfactorily or ready to be placed in operation on demand J

when used under stated conditions. Total calendar time is the basis for computa-

tion of operatlonal readiness.

Operating Time. The time during which the system is operating in a manner

acceptable to the operator.

Part. The smallest subdivision of an equipment that would not normally be

subject to further subdivision in field maintenance. For example: tubes,

transformers, resistors, bearings, bolts.

Preventive Maintenance. The maintenance performed to retain an equipment in
• satisfactory operational condition by providing systematic inspection, detection,

and prevention of inaipient failures.

Prediction Technlques. Methods for estimating future behavior of material on the
basis of knowledge of Its parts, functions, operating environments, and their

Interrelationships.

Probability of Survival P(s). The probability that an equipment will perform

for a period t provided it is operating at the start. For the exponential distri-

bution It is given by: H
P(s) - ,where A soIA(T

nE
us

.~-s ~ .~ *~;. t9 ~*
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3 Prototype. The first complete and working member of a class or series of

equipment intended to serve as the pattern or guide for subsequently produced

aTmembers of the same class; a preproduction model suitable for complete evaluation

w of form, design, and performance.

Quality Assurance Program. A planned and systematic pattern of all actions

Snecessary to provide adequate confidence that the end items will perform sati3-

tfactorily in actual operations.

Random Pailure. Any failure whose occurrence is unpredictable.

Redundancy., Characteristics of design that make available to a function alternate

paths or equipment, eithcr as permanent elements or by ;eans of automatic or manual

control, for purposes of improving reliability.

Regression Equation. A formula for computing the most probable value of one

"variable from the known value of one or more other independent variables based

on their correlation.

Reliability. The probability that the system will perform satisfactorily for

a given period of time when used -,der stated conditions.

Reliability Apportionment. The assignment of r'. .L_',i.ty goals to systems,

subsystems, and components within a system. Attainrmet of the assigned goals

I will result in fulfillment of the overall contractual reo-i.iility requirement

for the equipment.

Reliability Assessment. An analytical determination of nwmerical reliability of

a system or portion thereof. Such an assessment usually .. .-Ioys mathematical

modeling, directly applicable results of tests on system s"a-,_ware, and some

estimated reliability requirement figures.

Reliability Control. The coordination and direction of tc hnical reliability

activities through scientific planning from a system point oC. view. Reliability

control is the broad look at reliability. Reliability contr.l and quality control
F| are parallel control operations considered to extend from tarly concept and engin-

eering through field use, each in its own respective domai,,.

Reliability Demonstration. Statistically designed testing, with specified

confidence level, to demonstrate that an Item meets the established reliability

requirement.

Reliability Element. That portion of a reliability program that pertains to a

single phase of the program.

Reliability Engineerin. That applied science which is concerned with utilizing
matter, the properties of matter, and the physical forces involved, to achieve

material having known reliability characteristics.

Reliability Goal. A preset reliability objective determined by program management

from consideration of such factors as operational needs, state-of-the-art oapa-

bility, cost, and time. The goal can be a minimum acceptable level, an expected

program accomplishment, or an idealistic target.

B-7
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Reliability Model. A mathematical relationship in formula or graphic form that

expresses the interrelationship between a system failure pattern and the failure
patterns of system subdivisions.

Reliabilitysaintainability Prediction. An analytical determination of the1
numerical reliability/maintainability of a system or portion thereof; similar to
a rellability/maintainabiity assessment except that the prediction is normally I
made in the earlier design stages, where very few directly applicable test data
are available.

Reliabilitv/Maintainabilit~y Program. A program established to ensure that
. eliab11tty/maint&inability, requirements established by the procuring activity4
and Incorporated in the contract are achieved in the system.

Reliability/Maintainability Program Plan. A document that details the approach
and procedural steps by which a contractor shows his intent of compliance with Cf

the reliability/maintainability provisions of the contract.

Reliability/Maintainability Specification. A statement of reliability/
maintainability levels that must be achieved. Such specifications can occur in
contracts, in project plans, or in both. *0

Reliability/Maintainability Test. Testing a sample of material under specified
conditions for predetermined periods or until a predetermined number of failures -i

or maintenance actions occur.

Repair. Restoration of an equipment to satisfactory operating condition after
the source of malfunction, damage, or deterioration has been determined.

Repairability. The probability that a failed system will be restored to operable
condition within a specified active-repair time. !

Serviceability. The degree of ease or difficulty with which an equipment can beSrepaired.

Standard Deviation. A measure of the variability of a group in terms of the
dispersion of individual scores around the average or mean score.

• Standard Error. A measure of an estimate of the sampling errors affecting a
statistic; a measure of the amount the statistic may be expqcted to differ by

chanoe-fiom the true value of the statistic; the standard deviation of the obtained
values of the statistic on successive samples.

Store aT . The time during which the equipment to presumed to be in operable

-condition but is being held for use at a later date, such as a spare.

Subassembly. Two or more parts that form a portion of an assembly or a unit,
* replaceable as a whole, and having a part or parts that are Individually replace-

able.

Subsystem. A combination of equipments or groups that perform an operational f

function within a system. A subsystem Is a major subdivision of a system.

. ...



A�SuplY. A composite of related facilities, equipmant, material, services, and

personnel required for the operation and maintenance of equipment, so that it

can be considered as a self-sufficient unit in its intended operational environ-

sent.

- .System Effectiveness. The probability that the system can successfully meet

j an operational demand within a given time when operated under specified conditions.

Trouble-Shooting. Icating and diagnosing malfunctions or breakdowns in equipment

- by means of systematic checking or analysis.

I - - Wearout Failure. A failure that occurs as a result of deterioration processes or

1 -mechanical wear and whose probability of occurrence increases with time.
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"The letter "t" following a page number Indicates tabular reference.
Aeronautical research, 78

Aerospace research:
technical Info on, 133, 137, 141

Aerospace technology:

engineering data on, 61
Aircraft statistical data, 7, lJ7t-151t, 186t-197t

Air Force research data:

chemical, 67, 75

physical, 67, 75

mathematics, 67

electronic research, 70

geophysical, 70
metallurgical, 75

ceramics, 75

aeromechanics, 75

propulsion, 75

Air Force weapon systems:

costs, 80

logistics, 80

maintenance, 80
Anti-aircraft weapons: I

engineering research data on, 95

Anti-tanks weapons:

engineering research data on, 95
Apollo program, 31-32:

parts data, 31, 186t, X97ti
material data, 31, 186t, 197t

specifications, 31, 186t, 197t

testing reeults, 31, 186t, 197t
Army mobile equipment:

research and development data on, 96
Availability data:

fire-control radars, 13, 19

computers, 13, 19
search radars. 13, 19

"guided-missile-launching systems, 13, 19
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weapon direction systems, 13, 19
test equipment, 13

missiles, 13
Ballistic missiles:

radiation analysis, 112
defense, 112-113

optical radiation, 115
Cannons;

.engi-neelring research data on, 95

Chemical cleaning: 4
research and development of, 105Chemical re'.earch, 78

Chemical rocketry information center, 119
Contractors:

list of, A-19
Cost accounting descriptors, 189t, 196t
Cost date:

fire-control radars, 19, 189t

search radars, 19, 189t
fire-control computers, 19, 189t
weapon direction systems, 19, 189t
guided-missile-launching system, 19, 189t

Data bank.: .

existinv, A-9 through A-12
maintain, 147t-151t

Department of defense documentation, 119
Effectiveness data:

fire-control radars, 19
search radars, 19

fire-control computers, 19
weapon direction systems, 19
guided-mlssile-launching systems, 19 IlL

Effectiveness programs:
Naval weapons systems, 38

Electrical characteristics:

Naval electronic assemblies, 15, 186t-197t
Electrical engineering research, 78

Electronic equipment and part reliability:
dormant operating and storage effects on, 167-168

Engineering data,

Naval ships missile systems, 45-46
Engineering testat:

Army equipment, 99-102
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3I Environmental tests:

missile subassemblies components, 93
Equipment malfunction data (Navy ships), 6, 186t-187t, 193t
Fn•led parts nuwimarip-, Air Force:

aircraft, 7-9, 21, 187t

Scommun ications, 21, 187t

groumnd equipment, 21,187t
.. , missiles, 21, 187t

munitlons, 21, 187t

Failure analysis:
missiles, 9
ASW, 9

aircraft, 9

space programs, 9

Failure rates, 187t, 192t

Failure rate data:

aeronautical weapons, 187t
aircraft, 7-9, 187t

ASW, 187t

electrical parts, 7-9, 187t
electromechanical, 23, 187t
electronic parts, 7-9, 23, 187t
environmental stress levels, 8, 187t

ground equipment, 7-9, 187t
hydraulic parts, 7-9, 187t

integrated circuits, 23, 187t
mechanical parts, 7-9, 187t
missile, 7-9, 187t
pneumatic parts, 7-9, 187t
satellite, 7-9, 187t
semiconductor, 23, 187

shipboard equipment, 7-9, 167t
space programs, 187t

"1 ] space systems, 7-9, 187t
Frame crack data:

shipbuilding, 51
submarine maintenance, 51

Handbook:

Component Failure Physics Analysis, 164

TR Maintainability Desigi, Criteria, 155
Prediction of Shipboard and Shore Electronic Equlpmont Reliability, 162
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Handbooks, 56

Hinn factors:

engineering, 124

military systems, 104

Information storage and retrieval data systems, 50, 57-59

Infrared data:
industrical equipment, 54-56

medical equipment, 54-56

military equipment, 54-56
Logistics, 44, 188t-189t, 194t, 296t

Loglstics information;

fire-control radars, 19

search radars, 19

fire-control computers, 19
weapon direction systems, 19

guided-missile-launching systems, 19

aircraft, 26
missiles, 26, 29

Maintainability design criteria:

handbook for designers of shipboard electronic equipment, 155

Maintenance, 187t-lB~t, 193t-195t, 197t

Mainteilance data:
aeronautical weapons, 12
alriraft, 7, 14, 21

aircraft carriers, 36-37

airforce weapon systems, 80

Arniy equipment, 29 -

communication equipment, 16, 21

electronic equipment, 11

fire-control computers, 13, 19

fire-control radars, 13, 19

guided-mi-slle-launching systems, 13, 19

missiles, 13, 2.1, 37
missile components, 37 J
munitions, 21

Naval air stations, 36-38 -I

Naval ordinanoe aotifItles, 51

Naval shipas 6, 59
preproduction equipment, 12 u
seareb radar, 13, 16, 19
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Ma•flTrawfnce data (cont*.nued)

shipboard weapon systems, 18

squadrons, 36-37

test equipment, 13

underwater weapou systems, 41

weapon direction systems, 13, 19

i asManagement of technical data and information manuul, 159

Material:

Army communication and electronic production of, 91

Materials, 42:

electronic properties of, 33
Matter;

thermophysical properties, 87

Mechanical product data: 49, 147t-148t

4Mechanical tests:

missile subassemblies, 93

components, 93
Motors:

engineering research data on, 95

Nondestructive test data, 94

Nuclear explosions:
effects of, 116

Nuclear radiation:

effects of, 109
components, 82

materials, 82

systems, 82

Nuclear research and development data, 126-127, 129 131

Nuclear science data:

nuclear technology, 30

Nuclear technology;

information program, 126

Nuolear warheads, 98

""iuclear weapons, 115

Ocuanographic data, 52

Operating times data:

Navy ship equipment, 6, 186t-187t, 191t-192t

Ordinance devices (Army):

research and development on, 88

LI Parts data:

Apollo program, 31, 186t, 197t
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Prediction:
data source, 149t-151t
reliability, 11, 7, 9, 154-155, 160-163, 166, 168, 179, B-8

maintainability, i11, 7, 9, 155, 168-169, 175, B-8 -

techniques, B-6

Production tests:
Army equipment, 99

Qualification test reports: -

aircraft, 9-11
ASW, 9-11

missiles, 9-11
space programs, 9-11

Quality-as-urana6 data:

shipbuilding, 51
stibmorine maintenance, 51

RADC reliability notebook, 166

Re11abiliy:
data, 149t-151t, 186-t-187t, 191t-193t

statistical and mathematical techniques for, 80

ReliabIlity and maintainability training handbook, 154

Reliability data:
aerospaoe, 33

aircraft, 14
air-launched missiles, 39
computers, 13, 19

communication equipment, lb

electromechanical parts, 23

electronic equipmen;, 11

electronic parts, 23

fire-control radar, 13, 19

guided-missile-launching systems, 13. 19

integrated circuits, 23

mechanical parts, 23
missiles, 13, 19, 93
Naval gun ammunition, 43, 44

Naval missile systema, 45

radar systems, 16TT

rockets, 93 UK
search radar, 13, 19
semiconductors, 23

tept equipmcnt, 13
test equipment for Favy Calibration Facilities, 48

Iest equipment fnr nuc2lear weapons, 47
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Reliability data (continued)

under-water weapon systems, 40

VT fuses, 43

weapon direction systems, 13, 19

Reliability design handbook:

Bureau of Ships, 156

Reliability, maintainability & system effectiveness:

survey of studies and computer pi.)gramming efforts for, 159

Reliability measurement program:
guide manual for, •.

Reliability prediction:

?Mil Std for, 161

Reliability studies and failure-rate data:

electronic equipment, 159

Reliability tests:

missile subassemblies, 93

components, 93
Repair-parts data:

Naval weapon systems, 46

Rockets:

ballistic characteristics of, 93

Shock and vibration:

environmental factors of, 124

information center, 119

Space systems:
testing, test analysis, 80

Specifications:

DaD and federal, 56

Standards:

DoD and federal, 56

Structural materials:

mechanical properties of, 84-85

Structural tests:

missile subassemblies, 93
Technical data:

ASROC components, 40

Naval.reaeae'oh and developmant proJeots, 35

Naval shore facilities, 39

Naval weapon systems, 47

NOTS weapon testing, 42
1 Surface-launch guided missiles, 18

Testing, 147t-151t
SUnderwater ship nolse data:

Naval and commeroial ships, 49

Weapon systems"

evaluation of, 118
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